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Attached for retention is a twospart manual on the Soviet SON-9 (FIRE 50X1-HUM 
CAN) radar. The document entitlecd Antiaircraft Artillery Instruction, , 
Gun-Laying Radar SON-9, is an Eng1li 78 translation of a Polish-language 
manual published by the Ministry of N tional Defense, Warsaw, 1957. 





Part I (310 pages) is entitled "Design and Functicming of the SON-9 

Radar" and Part If (263 pages) is entitled "Operati on of the SON-9 _ 
Radar". A detailed table of contents is given at the? end of each 50X1-HUM 
part. | | 
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INTRODUCTION 


The SON-9 radar station is a complicated piece of equipment. A 
enroll knowledge of the equipment as well as correct operation and 
maintenance will ensure trouble-free operation and extend its service 
life. 

The first part of the Manual gives a general description of the seataons 
and construction of equipment and units. 

The second part contains instructions on the technical operation of the 
station, tuning and adjustment of its equipment and units, maintenance ‘and 
care, fault-finding and repair procedure. Voltage and resistance charts and 
oscillograms of voltages in reference points of the units are sven einen? : 

The apvpendices include the list of spare parts (ZIP), the table of 
siueens vacuum devices, description of the URAL-2 device, specification to 
key diagrams of the units and a table of transformer and choke data. 

Key diagrams of separate systems, devices and units of the station, 
diagrams of interunit connections, cables, a block diagram of the station 
and all appendices are given in the Album, which is part and parcel of the 
Manual . 

References for diagrams and appendices appearing in the Album are given 


in brackets (See Album or drawing) - 


rART £ 
DESIGN AND FUNCTIONING OF RADAR STATION SON-9 
Chanter 1 


GENERAL 
1. PURPOSE OF STATION 
_ The mobile gun laying radar SON-9 in conjunction with fire-control 


director PUAZO-6 (or PUAZO-5) is designed for use with small and medium 


calibre anti-aircraft artillery. The SON-9 can be used also with PUAZO-3 


~ SECRET 
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or PUAZO-4, but in these cases computor LSPPM must be used. ° 
3 ' The SON~-9 detects air targets at a distance of not less than 50 kn. 
ibancctive of visibility. and weather, continuously determines target 
co-ordinates (azimuth, elevation angle and slant range) and transmits them 
to the fire~control director and the searchlight. | 
The SON~9 station during combat operation includes a trailer with eat 
equipment and a tractor (truck ZIS~151), on which is mounted a power unit 


cf the APG-15 type, spares and other equipment. 





The general view of the station with the tractor in a travelling position 


is shewn in Fig.1, and in a set-up position -- in Fig.2, 
2. BASIC SPECIFICATIONS OF STATION 


The station enables targets to be detected and tracked irrespective 

of visibility and weather conditions. 
@ The main specifications of the station are as follows: 

les Rcatsney range: 2700 to 2860 Mc/sec. (10.5 to 11.1 cm). 

2. Power in the pulses about 250 kW. 

3. Detection range during manual sectcr scanning of a medium bomber 

@ (Type Tu-2) flying at an altitude of 4000 m. is not less than 50 kn. 

4. Range of automatic tracking of a medium bomber (Type Ta-2) is not 

less than 35 kin. | 
5» Limits of operations 
dn azimuth cecccccccccccccevocesesoe Unlimited 


in elevation angle ooeeovceooeseeaaeeave from ~0~50 to +1 4-50 





6. Mean error in determining target data during automatic tracking: 
in LANGE eoccececceecveescoseosceees 20 me within 1 - 35 kn. 
in azimuth .scceesscesoeessovececeos O-0166 within 60-00 at elevation 
@& . - angle values from +1-00 to +13-00 


in elevation os eoeroeveeresocoees 900008 0-02 within +1-00 to 413-00 
oe ST Resolution 
oe 


_SEERE 
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13. 
not less 

44. 

1S 
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channel: 


17. 


18. 





19. 


20. 


Ole 


23. 


Resolution of the radar station in slant range: 


‘during manual tracking oo... 125 m 
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during automatic tracking ..... 200 m. 
Type of antenna .sesesseseecoee parabolic reflector (D = 1.5 m.) 
| with asymmetrical rotating dipole 
Half~power width cf the aipestional radiation pattern: 0-83 z 0-08 
Pulse durations 0.5 microsecond. | | 
Pulse repetition frequency; 1875 c/sec. 
Intermediate frequency: 30 Me/sec. 
Intermediate frequency amplification in the range measuring channel: 
than 75,000. 
intermediate frequency wadechand width: 3.6 Me/sec. 
Intermediate frequency amplification in the automatic tracking 
‘not less than 200,000. 
intermediate frequency pass—band width in the automatic tracking 
2.2 to 2.8 Mc/sec. 
Supply voltage: 
Single-phase current ecesessese 119 Vy A427 CoD Se 
three-phase current wcceccecsecces 220 Vy 50 Co Po Se 
Power consumed from; . 
110 V, 427 copes. mains «eevee. 2900 VA 
220 V, 50 cop-S. Mains ecessse5 (OOO VA 
Sector scanning: 
in azimuth bteeeccceesesescesee 4-00 ~ 9-00 


in elevation angle eooeooeveonoe ed 1-70 oe. 2-10 





Radar siting time .csccocccesee 15 min. 
Connection time cf sited radar 3.5 min. 
Weight of radar trailer ...e.se. approximately 7 tons 


Weight of complete tractor... approximately 8 tons 


..-/24. Dimensions 


SECRET 
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24. Dimensions of trailer. cabin in trevelling positions 
@ | length with a drawbar «...e.se. 6500 mm 
| | length without a drawbar ceenee ‘5000 mm 
Height ccsccsscccsscsvcccessees S200 mm 
WIDTH csecsceccccccevcsevceevere C400 mm 


25. Maximum transportation speed: 





On MAin TOAdS eovecesceceeseees 40 km/hr 
on country roads sossssooveeees 25 km/hr 


@ 26. The station may be transported by railways with freight dimension MOMs 


3. SIMPLIFIED BLOCK~DIAGRAM OF STATION 
AND PRINCIPLE OF DETERMINING COORDINATES 

The station produces powerful short-time electromagnetic pulses of high 

frequency, which are radiated into space by the antenna. | 

@ If the beam of electromagnetic energy strikes an object, for example 
an aircraft, on its way, a portion of this energy will be reflected back to 
the station. 

The reflected pulses picked up by the antenna are furnished to the | 

@ receiving equipment through the feeder system. 

The pulses converted and amplified in the receiving system are fed to 
the cathode-ray tubes of indicators, forming corresponding target marks on 
their screens, as well as to the antenna positioning system and automatic | 
range finder (during automatic tracking) which ensure continuous matching 
of thé antenna axis with the direction to the selected target and automatic ~ 
determining of the slant range and the target angular data. 

The equipment of the SON-~9 has the following basic systems (See Fig.3): 

(a) transmitting systems 

S@ ~ (b) antenna-feeder systems 

(c) receiving system; 


(a) range-measuring system; 


SEORET .-»/(e) Sv dicneentan 
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(e) plan-position indicator system; 

(f) antenna positioning system; 

(g) data transmitting system; 

(hn) power supply system. 

The transmitting system is designed to produce powerful short—time 
electromagnetic pulses of high frequency which are radiated into space by 
whe antenna. 

The transmitting eaten includes a driver unit and a modulator- 
Jecuietee- anes: composed of a modulator, a magnetron oscillator and a 
high-voltage rectifier. 

The driver is fed with trigger pulses produced in the range finding 
system. These pulses are of about 1.5 microsecond duration and of 
1875 c/sec repetition frequency. | | 

The trigger pulses are used in the driver to generate voltage pulses 
of 0.5 microsecond auneidon: whieh are amplified and furnished to the 
modulator. Here they are converted into powerful high-voltage pulses with 
an amplitude of about 20 kV and are fed out to the magnetron. 

The magnetron produces powerful pulses of electromagnetic oscillations 


of 0.5 microsecond duration and of 1875 c/sec repetition frequency. The 


the station and is in the range of 2700 to 2860 Nc/sec. 

The station is provided with magnetrons, types MI-18, MI-19, MI-20 
and NI~21. Power of oscillations during the pulse is about 250 kil, The 
oscillations produced by the magnetron are furnished to the antenna-feeder 
system. 

The antenna-feecer system is designed to transmit electromagnetic 
energy generated by the transmitter, radiate it into space in the prescribed 
direction as well as to pick up signals reflected from the target and apply 
them to the receiver avputs.: The station uses one antenna for transmitting 


and receiving. 


’ - SFORET nee /The antenna—feeder 
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The antenna-feeder system duetuaasi a high-frequency coaxial feeder, an 

antenna change--over switch and an antenna consisting of the antenna head and 
@ a parabolic refiector. 

Energy of idgnarhecucney oscillations produced by the magnetron 
oseillator is supplied through the feeder to the antenna head and a radiator 
situated in the focal plane of the parabolic reflector. In intervals 
between the transmitter pulses the echo signal energy is applied through the 
same feeder from the antenna head to the input of the receiving system. To 

@ facilitate the antenna rotation the feeder line is provided with rotating 
joints arranged on those feeder sections that run along the appropriate 
rotation axis of the antenna. 

The antenna change-over switch performs the following two functions. 

When the magnetron oscillator is operating st biicus the path of powerful 

pulses from the magnetron oscillator cutput to the receiver Sha “enalives 
@ practically complete transmission of radio-frequency energy from the magnetron 
oscillator to the antenna. In intervals between the transmitter pulses when 
signals reflected from the targets return to the station it ensures complete 
transmission of energy of these signals from the antenna to the receiver in- 
put thus preventing useless dissipation of this energy in the transmitter 
circuits. 

The station antenna due to the use of the parabolic reflector of 1.5m 
diameter possesses sharp directivity both during transmission and reception. 
This means that during transmission its cuoney is radiated in a narrow sector 
of space and during reception of electromagnetic oscillations the antenna is 
fed with the signals from those targets which are within the same sector. 

The main characteristic of any directional antenna is its diagram or 
so-called radiation pattern which represents graphically power distribution 
@ during antenna radiation in various directions during transmission and ' 


oe ./sensitivity of 
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sensitivity of an antenna to the signals coming from various cirections 
& during pe cestiens | 
The width of the radiation pattern of the SON~9 antenna is 0-83. It is 
determined as an angle between two directions, the radiating power for which 


constitutes half the power in relation to its maximum radiation (See Fig.4). 





fo provide accurate continuous tracking of the target during automatic 

+yacking the axis of the radiation pattern (aves the direction of maximum 
radiation) is displaced with respect to the geometrical axis of the antenna 

& (the axis coming through the focus and geometrical centre of the paraboloid) 
through an angle of 0-23 (Fig.5) and the entire radiation pattern, when’ 
the station is functioning, is continuously rotated about the geometrical 
apie of the antenna at a speed of 1440 r.p.m. (24 r-pes.). In this case 
the axis of the radiation pattern describes a cone in space. The antenna 
geometrical axis coincides with the Saetvioa axis of the antenna during 

®@ automatic tracking in angular coordinates (the antenna electricel axis - the 
direction from the antenna to the target being tracked at accurate bearing of 
the target). | 

@ The axis of the radiation pattern is displaced in relation to the 
geometrical axis of the antenna due to the radiator asymmetry and the 
radiation pattern rotation is achieved by rotating the antenna head about its 
axis with the help of an ares motor which simultaneously rotates a | 
eeferonee voltage generator (GON) included in the antenna positioning system. 

The receiving system is designed for converting the signals reflected 

from the target and picked up by the antenna and for further amplification 
+o the value required for normal operation of the range and plan-position 
indicators, the antenna positioning system and the automatic range finder 

@ unit. 

. The receiving system consists of crystal mixers of the signal, 

automatic frequency control (AFC), an intermediate-frequency preamplifier 
(IFP) and an amplifier of the range~ and automatic tracking channel. 


ce, Graney | -.-/The receiving 
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The receiving system employs a superheterodyne circuit. 
e The reflected signals picked up by the antenna are furnished through. 
the feeder line and the antenna change-over switch to the crystal mixer 
which is continuously fed with A.C. voltage of high frequency from the 


centimetre heterodyne (klystron) located in the intermediate—frequency 


preamplifier stage. The heterodyne frequency is higher than that of the 





transmitter, i.e. the frequency of the picked-up signals by 30 Mc/sec. 
Simultaneous action of these two high-frequency voltages on @ non- 

@ linear element, i.e. the crystal mixer, results in development of intermediate 
(differential) voltage of 30 c/sec frequency at the mixer output. Hach 
intermediate frequency pulse duration is the same as the incoming pulse 
duration, and equals 0.5 microsecond. 

From the crystal mixer the I.F. pulse voltage is applied to the I.F. 
preamplifier through the radio-frequency cable. This voltage is amplified 


@ in the preamplifier by three stages and through the radio-frequency cable 





is applied to the input of the automatic tracking channel amplifier. Here 
the signals are amplified first in one common intermediate frequency 
& amplifier channel (four stages) and then in two amplifier channels = in range 
and automatic tracking channels. From the output of the automatic tracking | . 
channel the signals Si coupled to the automatic tracking unit of the antenna 
positioning system, while from the range channel - to the input of the range 
channel amplifier unit of the receiving system. | 
All signals which are being furnished to the input of the receiving 
system are amplified in the amplifier unit of the range channel. The 
amplifier output is coupled to the range and very narrow gate indicators 
plan-position indicator system and to the automatic range finder unit to 
Se control its operatiox during automatic measurements of the slant range to the 
a targets. The range and plan-position indicators are devised to observe the 
signals reflected from all targets and local objects that are at the given 


moment within the area swept by the antenna. 


- SECRET a ./The receiver 
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The receiver automatic tracking channel is completely cut off most of 
@ the time. It is opened only at the time of arrival of the signals reflected 
from the target selected by the operator. 


The signals reflected from the target are passed from the output of the 





automatic tracking channel amplifier to the antenna positioning system which 
by the action of these voltage pulses provides continuous automatic matching 
of the antenna axis with the direction to the target being tracked. 
The automatic frequency control circuit in the I.F. preamplifier unit 

& produces voltages which control the klystron frequency in such a manner that 
when the difference between the klystron and magnetron frequencies deviates 
from 30 Ne/ sec, the klystron frequency changes automatically and the dif- 
ferential (intermediate) frequency remains constant. This compensates for 
unstability of the klystron and magnetron carrier frequency and ensures 
constancy of the segeivine system sensitivity. | 

S The range measuring system is designed to measure the target range | 
continuously and accurately and to synchronize the operation of other systems 
and units of the station. | | 

& The range measuring system is composed of the following components? z 
range and very narrow gate indicator unit, a range unit, an automatic range 
finder unit, a range mechanism unit. 

The range measuring system is supplied from two common ne units for 
the range measuring system and the plan-position indicator system. 

Determination of the slant range, i.e. measurement of the time interval 
between the emission of the signal and receipt of the corresponding echo is 
achieved by aligning the reflected signal with electronic markers whose time 
delay in relation to trigger pulses can be determined with a high degree of 

eo BCCULACY « 

Having matched the electronic markers with the echo pulse on the cathode 
ray tubes of the range indicator unit, the operator can read the acne slant 
range off the seeiwe of the range mechanism unit. 


ee a em OLDE ..o/The range 
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The range is measured with a moving target, therefore the continuous 
9S matching of the electronic markers with the reflected signal is done 
automatically with the help of the automatic range finder or manually by the 
‘operator. 

(To synchronize the operation of all elements of the range measuring 
system the plan—position indicator system, the transmitter and the range unit 
4s provided with a sine-wave oscillator whose frequency (74.955 Ke/s) is 
crystal controlled. The crystal oscillator voltage is applied to the step 

® divider circuit which produces voltages with frequencies five, twenty and 
forty times smaller than the frequency of th? crystal seeriiatans i.e. 
auprexinktaly 15 Ke/ss 3.75 Ke/s and 1.875 Ke/s. 

To obtain a circular sweep on the fine-range indicator use is made of 
two sine-wave voltages having the frequency of the erystal oscillator, 
shifted in phase by 90° in relation to each other. These two voltages 
applied to a edna of detrcnbing plates of the tube cause the electronic 
beam to trace a circle on the tube screen. The time required for the beam 


to make a circle is 13.3 microseconds, which corresponds to a range of 2 kn. 





& To obtain a circular sweep on the coarse-range indicator use is made of 

: ‘ two voltages of 3°15 Ke/s which are 90° out of phase. The voltages applied 
to the deflecting plates of the ae make the electronic beam trace a circle 
on the screen; the time required for the beam to make a circle is increased 

| 20 times as compared with the time required for the fine-range tube and, 

consequently, corresponds to a range, of 40 kn. ; 

The voltage pulses of 1.875 Ko/ sec frequency produced in the range unit 


are employed for forming trigger pulses which control the transmitter and the 


plan-position indicator system. Besides, voltage of 1.875 Ke/sec frequency. 





#® is used for forming gate pulses whose delay in relation to trigger pulses can 
be varied. 


The transmitter sends its pulses of. he 875 Ke/ sec frequency every two 







revolutions of the sweep on the coarse-range indicator and every 40 


Creel wate / revolutions of 
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revolutions of the sweep on the fine-range indicator. _ The indicators are 
set in such a position that each time the pulse is transmitted the electronic 
beams in both tubes are in upper points of the sweep trace (at zero point). 
The echo pulses are furnished from the output of the receiver range channel 
to the central deflecting electrodes of both range indicators. These 

pulses cause outward radial deflections on the sweep trace. 

Thus the screen of the coarse-range indicator displays the station 
transmitter pulses as a radial pip in the upper initial point of the sweep 
trace, whereas radial pips caused hy the target echoes are arranged on the 
sweep circle at corresponding distances from the transmitter pulse. 

The echoes from the targets the range difference between which amounts 
to 40 km. are located in the same point of the. sweep. For example, the 
echoes from the targets located at distances of 10 and 50 km. from the 
station appear on the sweep trace on the 10 km. range mark after each 
transmitter pulse during the first and second revolution of the sweep. 

To avoid possible errors in determining the target range the sweep of 
the coarse~range indicator is brightened by pulses generated in the range unit. 
The gating pulse sivation is approximately 260 microseconds, i.e. slightly 
less than the time required for one revolution of the sweep on the screen of 
the coarse-range indicator. Thus the indicator screen is brightened only 
for the time of the first or second revolution of the sweep after each 
transmitter pulse depeuding upon the position bei gia O - 40 km. - 

40 - 80 kn. | | 

To form the electronic marker of the coarse-range indicator use is 
made of strove pulses which brighten an additional area on the sweep, 

i.e. a movable electronic marker. To determine the range it is necessary 
to match the movable electronic marker with the target echo by operating the 
range knob and to read nie indication on the coarse-range scale of the range 


mechanism. However, the reading will be inaccurate because first, the 


SER 3 .../linearity in 
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linearity in changing the strobe pulse delay depending on the turn of the 
@ range nSchNAiaN Badse scale is sufficiently high, and secondly, the 
electronic marker fails to be matched accurately with the target echo on 
he coarse-range inaienton-aue to its small scale. 
To determine the range accurately grovesion is made in the system for 
a second reference pulse - the electronic marker of the fine-range indicator 
woich is Pomied with the nate of the crystal oscillator voltage. This 
voltage is applied to a phase-shifting circuit. The main component of the 
@ circuit is a phase shifter, whose rotor is kinematically connected to -the 
| range mechanism fine scale. The change of voltage phase at the phase shifter 
output is linearly dependent upon the turn of its rotor, i.e. the turn of. the 
range mechanism fine scale. The crystal oscillator voltage shifted in 
phase is used to form two short pulses which, applied to the fine-range 
indicator, form two darkened sectors, or the fine-range electronic marker. 
®@ When determining the range it is necessary to set the electronic marker 
on the fine-range indicator symmetrically relative to the echo signal 
selected on the coarse~—range indicator, i.e. to set in such a way, that the 
& end of the first and ae beginning of the second mark of the electronic 


marker are at the same level to the sveep trace, then to take a reading on 





the range mechanism fine scale always rounding off the smaller values. - 

If the electronic beam of the fine-range indicator were visible all the 
time, large ede wight occur when determining the range, because the same 
sweep spot of the fine-range indicator would display the signals reflected 
from several targets the distances between which differ from each other by 
multiples of two kilometres. To avoid superimposing echo signals from 
several targets the fine-range indicator is brightened by pulses of lower 

@ than 13.3 microseconds duration, i.e. lower than the time required ae one 
revolution of the sweep. | 


For gating of the fine-range indicator use is made of strobe pulses. 






As was mentioned above the strobe pulse delay in relation to trigger pulses. 


SECRET .../always corresponds 
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always: corresponds to the onde on the range mechanism coarse scale. if 
the scale readings sre increased from 0 to 40 km. by operating the range 
knob, the strobe pulse delay in relation to trigger pulses will increase 
on O to 266 microseconds. 

Thus, depending upon the sezle readings the strobe pulse brightens cn 
the piiesdalte indicator the portion of the Pirsés second, third and so on 
uD to eases swoep revolution inclusive after the transmitter pulse. 
Consequently the screen of the fine-range indicator can display a signal 
from that terest which coincides with the electronic marker on the coarse- 
range indicator and whose range corresponds to the reading on the range 
mechanism scales. | 

When tracking the target its slant range is determined by continuously 
matching the electronic markers with the target echo. The elements for 
controlling the electronic markers are kinematically sauneetas between each 
other and have a common drive. Besides the manual range trackirg, when the 
electronic markers are matched with the target echoes by rotating manually the | 
common drive with the help of the range kmob, provision is made for automatic | 
tracking. In this case the common drive is rotated by the automatic tracking | 
motor whose speed is controlled by the automatic range finder. 

‘the automatic range finder produces two pulses that follow in succession 
(called split gate pulses) which are always synchronized with the reference 
pulse - the electronic marker of ine patie Meanas indicator. Besides, the 
automatic range finder is furnished with the target echoes from -the receiver 
begee <enadael output. 

The time-phase of the echo signals and reference pulses is compared in 
a special stage of the automatic range finder (called an error signal time 
discriminator. ) The voltage at the discriminator output depends on the 
mutual time-phase of the reference pulses and the target echo. The 
polarity of this voltage depends on whether the reference oulses lag 
behind or lead the target echo, whereas its value is determined by the degree 


of lagging behind or leading. QEPRET : 
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When the electronic markers are matched with the echo from the target 
selected for tracking on the indicators, the reference pulses in the | 
automatic range finder are arranged symmetrically with respect to the echo 
from the same target - there is no error voltage at the discriminator output. 
This error:signal in the course of automatic range tracking is amplified 
and converted into an A.C. voltage of 50 c.p.s.3 this voltage controls the 
automatic tracking motor, the reference pulses in the automatic scans finder 
and electronic markers on the fine-range tube being arranged symmetrically 
in relation to the echo from the target being tracked. 

The common drive of the range mechanism is connected with coarse and 
fine-range transmitting selsyns which aid in conveying continuously the 
slant range data to the anti-aircraft fire director and other devices 
situated outside the station. 

To ensure tracking of the selected target in angular coordinates 
(without interference from other targets located in close proximity) use is 
made of short pulses of 0.3 microseconds duration called very see gate 
pulses to control the operation of the receiver automatic tracking channel. 
The time-phase of the very narrow gate pulses is always dependent upon the 
position of the electronic marker on the fine-range indicator. When 
matching electronic markers with the target echo on the range indicators, the 
very narrow gate pulses open the gated intermediate-frequency amplifier stage 
of the receiver automatic tracking channel at the moment the echo from the 
selected target is applied to the receiver input. 

Controlling the receiver automatic tracking channel by very narrow 
gate pulses makes it possible to track the target without interference from 
other targets which eee within the entenna scanning area if the difference 
between the slant ranges of these targets ane the selected target exceeds 
approximately 125 m. : 


The plan-position indicator system is designed to detect and observe 


targets in the area being scanned as well as to determine their coordinates 


seen a CLARET | ..-/with an 
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with an accuracy sufficient for automatic target tracking» | 
@ The plan—position indicator system includes a plan—position indicator 
unit and a plan-position indicator transmitting selsyn housed in the antenna 
pedestal. 
The plan-position indicator system is fed from the supply unit of the 
range measuring and plar-position indicator systems. 
The plan=position indicator utilizes a magnetic cathode-ray tube. The 
“aGne deflecting coil passes saw—tooth current pulses. The magnetic field 
© _ induced by the current pulses causes the electronic beam to deflect from the 
centre to the edge of the screen, thus forming a radial sweep trace. The 
sweep is triggered by fgiecee pulses of 1.875 Ke/sec frequency produced in 
the range unit. The same pulses are used for triggering the station 
transmitter which synchronizes the moment of the sweep ee on the plan- 
position indicator screen with the emission of the trawentties pulse. 
® With the help of the synchro drive circuit of the deflecting coil the 
position of the radial sweep changes depending on the antenna rotation angle 
in azimuth. During continuous rotation of the antenna in azimuth, i.e. 
® during circular scanning, the radial sweep on the tube screen rotates in 
synchronism with the antenna about the screen centre. During sector scanning 
the radial sweep on the screen while moving in synchronism with the rotation 
of the antenna in azimuth, Laat ieees in a definite sector. 
From the output of the receiver range channel amplifier the echo pulses 
are furnished to the control electrode of the cathode-ray tube, thus 
-inereasing the brightness of the radial sweep in appropriate points. During © 
continuous circular rotation in azimuth bright spots from each given : target 
appear on the sweep only when the target is within the radiation area. As 
@ a result the mark from the point target on the tube screen is essentially 
an echo-arc formed by bright spots on the rotating sweep. The angle 


subtended by the echo-are equals the antenna pattern flare. The distance 


SECRL 
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between the echo-arc and the tube screen centre given in a definite scale 


corresponds to the slant range of the targot, | 


At the edge of the tube screen is an azimuth scale with angular 
divisions (from 0 to 60-00). Due to synchronous rotation of the sweep and 
antenna in azimuth, the sweep always indicates an azimuth in which the 
antenna is directed. thé taxed azimuth is determined by taking the reading 
off the azimuth scale, which corresponds to the mid-point of the déhacses 
representing the given target. 

In sie to Shdew eine signals returned from various targets in the 


area surrounding the station the plan-position indicator utilizes a cathode- 


ray tube with a long-persistance screen. Any bright spot appearing on the 


scréen remains visible for about 10 seconds. Thus during circular scanning 
when the anterha rotates in ere speed of about 12 r.epem. the tube 
screen wonnasbily diewiage the target echoes and local aiedta: 

The plan—position indicator unit is provided with a range marker stage 
whose operation is controlled by voltage pulses of 15 Ke/s furnished by 
the range unit. The range pulses create bright spots on the radial sweep, 
which during continuous rotation merge into range concentric rings. The 
distance between the adjacent range rings corresponds to 10 km. of slant 
range. | | 

The slant range of the target is Aseouminea on the screen of the plan- 


position indicator by the position of the target echo in relation to the 


Tange rings. 


The antenna positioning ates serves to control the antenna position, 
which can be changed by rotating the antenna about bebne vertical axis 
(rotation in azimuth) and about the horizontal axis (rotation in Sevalte: 


The system Be the following three modes. of Svedetion te be used 


of 


(depending on how the antenna positioning is’ carried out)? - automatic 


circular or, sector scanning, manual control ‘aia Riseaatie target tracking. 


évx/ The first 


Declassified in Part - Sanitized Copy Approved for Rele 
w 





at8oa: 


The first mode of operation is used to observe the area cpistnaiae the 
station on the ?.P.I. or in a selected sector. 

The second mode of co is used to control manny he antenne 
aoe to orient ie antenna by the target designation data and to follow 
the target before changing over to automatic tracking. 

The third mode of operation is ised i deternitie accurately the 
coordinates of the target being tracked. In this case the azimuth and 
elevation angle are determined aicenatieatin, but the range ~ automatically 
or manually. 

Besides, provision is made in the staticn SON~9 for reception of 
target designation data from the circular scanning station and for remote 
control of the antenna position from the anti~aircraft fire director PUAZO-6. 
In the latter case the antenna rotates in synchronism with the sighting 
column of the anti-aircraft fire director PUAZO~6 while the target range is 
determined by the station automatically or manually. 

During circular (or sector) scanning the antenna can motatel (ox 
oscillate) in azimuth with tilting up and down of the antenna in elevation, 
as well as at constant elevation which is set by the operator. 

During manual control the antenna may be controlled in azimuth and 
elevation with the help of handwheels. 

During automatic tracking the antenna automatically follows the target 
when its sneniae coordinates are changed. 

The antenna positioning system is composed of the following units and 
assemblies: 

1. An automatic tracking unit. 

2, An azimuth and elevation tracking unit. . y 

3. An antenna control unit. 

4. Amplidynes EMU-5. 

5. Agimith and elevation drive motors. 


.--/6.. An antenna 
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a4ors 
6. An antenna pedestal. 
@ . 7. & supply unit of drive-motor field windings. 


8, A reference voltage seceredies (GON). 

During automatic tracking use is made of the equisignal zone principle 
which consists in the following. 

As was mentioned above the antenna radiation pattern (direction of 
maximum radiation) is deflected from the antenna geometrical axis by an angle 
of 0-23. | 
| } When the station is functioning the antenna head and consequently, the 

radiation pattern are continuously rotating about the geometrical axis at a 
speed of 24 ropem. In this case the radiation pattern axis describes a 
cone in space. Dupin Hotation of the antenna head the point of intersection 
of the radiation pattern with an Ameena Ey plane passing through the target 
and at right angles to the antenna geometrical axis (the so-called image 

@ plane) wilt move along the circumference as shown in Fig.6. The same figure 
represents four typical positions of the radiation pattern: extreme top, 


right, lower.and left positions. Points A, B, C, and D are respectively 





© the points of intersection of the radiation pattern axis with the irage 
plane for these four positions of the pattern. 

If the target is in point 0, i.e. on the antenna geometrical axis, then 
at any position of the radiation pattern the value of the signal reflected 
from this target remains constant and proportional to section ab on the 
radiation gat kehas Therefore the direction to point O is called the 
direction of equisignal zone or electrical axis of the antenna. Fig.7, @ 
shows voltage pulses of the target echoes. 

If the target moves from point O to point © (See Fig.6) the value of the 
target echoes depends upon the position of the Seataten patted rotating in 

space at a speed of 24 r.p.m. The value of the target echoes is maximum in 
the case when the radiation pattern axis is deflected from the antenna 


.»./electrical axis 


| f re 
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electrical axis (equisignal direction) towards the target displacement 
a (direction OC). The value of the target echoes is minimum wer the 
radiation pattern axis is.deflected from the antenna electrical axis in the 
direction opposite to the target displacement. Thus when the radiation 
pattern rotates, the value of echoes changes with a Pessin: of 24 c.pes. 
(Fis.75 b)s 
The magnitude of ine echo variation (modulation factor) is ‘proportional 

to the antenna deflection from the direction to the target or to the so-called 

@ sighting error 6. .. Thus if there is a sighting error, the echo signals are 


modulated. These signals are picked—up by the antenna, amplified by the 





receiver and are detected. As @ result low-frequency A.C. voltage is 
obtained which varies with the modulation frequency of the echo signals 
(24 ésPieeds This voltage is calied the error voltage. 
Thus, if the antenna is pointed exactly at the target the echo signals 
@ will not be modulated (Fig.7, a) and after they have been detected the error 
voltage will be zero. The amplitude of the error voltage is proportional 
to the value of the sighting error while the phase (in relation, for instance, 
& : to the moment the beam passes through the extreme left-hand position when it 
is rotated in space) characterizes the magnitude of the target deflection in 
azimuth and elevation. 
If the error voltage phase equals O or 180° the target is deflected 
only in azimuth. If the phase of this voltage equals 90° or 270°, the 
target is deflected in elevation. At intermediate values of the error 
voltage phase the target is simultaneously deflected in azimuth and elevation, 
the more the shase: differs from zero or 180° the more the deflection of the 
target in elevation and the less in azimuth. 
| In order to aim the antenna at the target (to align its geometrical 
e axis with the direction to the target), it is necessary to turn the antenna 


in azimuth through angleABS (in the inclined plane) and through angle Aé 


SFCRET | .../in elevation 
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in elevation (Fig.6). To ae the antenna, the drive motors rotating the 
@ antenna in azimuth and elevation should Be fed with control voltages 
proportional to deflections in azimuth AB and elevation As, respectively. 
Therefore the error voltage should be divided into two components so that 
the amplitude of one is proportional to the value of the tales deflection 


in azimuth AB while the amplitude of the other component — to the value of 





the target deflection in elevation Ae. 



















The error voltage is divided into the two components in the azimuth and 
& elevation tracking unit by means of two voltages produced by the reference 
voltage generator. 

The reference voltage generator is directly coupled to the electric 
motor rotating the dipole anaasveiays two voltages shifted in phase by 90° 
in relation to each other (Fig.8). The frequency of these voltages as well 
as that of the error voltage is determined by the speed of the dipole rotation 

© and amounts to 24 c.p.s. 
The error voltage and reference voltages are simultaneously applied to 
the commutator stages of the tracking unit to produce two control voltages. 
& One voltage, i.e. azimuth voltage, is oltained as a result of inter- 
action of the error voltage and azimuth reference voltage (Fig.9)3 the 
voltage is dependent on that component of the error voltage which has been 
obtained due to the target displacement in azimuth through angle AB. 

The second voltage, i.e. elevation voltage, is obtained as a result of 
interaction of the error voltage and Sievation reference voltage (Fig.9)s 
the voltage is dependent on that component of the error voltage which has ' 
been obtained due to the target displacement in elevation through angle Ae . 

The control voltages are amplified in the amplification and amplidynes 
and after that are applied to the drive motors rotating the antenna in 

@ azimuth and elevation. 
The direction the drive motors are astetine is such that with the 


error voltage applied the antenna moves in the direction of the target, 


SEPDET |  ../until its 
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until its geometrical axis is aligned with the target direction. Then the 
@ error signal equals zero and so do the control voltages. 
When the target moves the error signal appears again, control youtacss 
will be developed in the azimuth and elevation channels and the drive 
motor will move the antenna again toward the target. 
During cortinuous movement of the target the radar antenna will 
eutomatically follow the target. 
During manual control the azimuth and elevation channels are fed with 
& two independent error voltages produced by selsyn-transformer circuits. 
The azimuth channel is suuidad with error voltage produced by the 
transmitting selsyn and the azimuth selsyn-—transformer whereas the elevation 
sheanel. ith error voltage produced by the transmitting selsyn and the 
elevation selsyn-transformer. Instead of two reference voltages from the 
reference voltage generator the both channels are fed with one eomiion 
& voltage of 50 c.p.s. obtained from the station supply circuit. 


The azimuth and elevation transmitting selsyns are accommodated in 





the antenna control unit and are kinematically coupled with the appropriate 
®& controls situated on the front panel of the unit. By rotating these 
controls the operator can create independent error voltages and, 
consequently, move the antenna in azimuth or elevation. 
The searching differs from the manual control operation in that the 
transmitting selsyns of the antenna control unit are not rotated manually 


with the help of handwhecls but are driven by-the rotor housed in the 





‘antenna control unit. Rotation from this motor may be imparted to either 
the azimuth transmitting selsyn or simultaneously through a special set of 
gears to the elevation transmitting selsyn. 

The operator sets the position of the azimuth and elevation scanning 
sectors with the help of azimuth and elevation handwheels of the antenna 


control unit. . 
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The data transmitting system is designed for automatic continuous 
@ transmission of the target data produced by the station to the station 
display units, anti-aircraft fire director PUAZO-6 and other receivers 

which may be located outside the station. In addition, the system 


includes a number of components which make it possible to receive the 





target designation data from the outside equipment (from the warning station, 
anti-aircraft fire director PUAZO-6). 

Power supply system. The pavion is supplied from a power unit, type 

@ -APG@15, with A.C. voltage of 220 V;, 50 c-p.s. and A.C. voltage of 110 V, 

427 CePeS. 

tn addition the station can operate from the three-phase 220 V, 
50 cop.S- mains. In this case 220 V, 50 c.p.s. are fed to the station 
through the commutation circuits of the power unit, whereas 110 V, 427 c.p.s- 
are erences by the generator mounted on the unit, the generator being 


® supplied from three-phase 220 V A.C. mains. 
4. STATION DESIGN 


The equipment of the SON-9 station, is mounted in the trailer body 
@ (Fig.10) which is towed by a ZIS-151 truck. The trailer body has a two— 
sided door on the right side, a norieantelly hung eae door, and two windows 
on the right and left sides of the body. The front wall has a hatch 
through which an automatic air dryer is installed. The top of the body 


carries a dome which covers the antenna when the station is in travelling 





position. When the station is set-up, the dome is removed, from the body 
top and its halves age. placed near the station. 
The trailer chassis is provided with pneumatic brakes actuated from the 
truck. For levelling the trailer, the chassis is equipped with four jacks. 
& The body has lighting, a stove and ventilation. 
The rear part of the body accommodates control desk 18 (See Fig. 10) 


which incorporates several units. Located to the right of the control desk, 


.../above the - 
_ : SEGRET | | 
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above the wheel house frame, is a control unit, while to the left of the 


control desk the locker for spare parts, tools and accessories (ZIP) and a 
@ voltammeter AVO. Under the control desk is located control panel 20. The 

front part of the body iedses transmitter cabinet 5 with a high-voltage : 
rectifier and antenna pedestal 6, arranged on it. Thecabinet for amplidynes 
2 and 3 is installed above the left-hand front wheel house frame. The rack 
mounts air dryer 4. At the front wall transmitter cooling fan 1 is mounted 
on the floor. 

To the right of the pitaahics door on the body wall are fire 


extinguishers and a lighting board. 


On the left-hand body wall under the window is fixed receiving selsyn 





unit 16, to the niga of the window is stove 15. Between the stove and the 
amplidyne cabinet on the body wall are located: an echo box, below is a 
bracket with antenna heads, closer to the stove is the radar operator's 

@ folding chair 14 and the telephone operator's chair. The bracket under ihe 
telephone operator's table mounts telephone set 21. Built into the left-hand 
body wall are outer connection boards 24 of the station. The equipment whose 
operation is affecteu by jolting during transportation (main control desk, | 

@ control unit, echo box) is mounted on rubber shock absorbers. 

The main control desk (Figs 11 and 12) is built in the form of a cabinet 
which houses the various units. 

The arate are secured to the control desk with the help of special 
retainer bolts. To prevent insertion of a unit into a wrong compartment 
‘provision is made for mechanical interlocking. | 

The front panels of the units carry control and tuning elements (Imobs , 
screw-driver operated shafts, switches, test jacks, etc.) as well as 
indicators which aid in checking the operation of the station. The units 

@ are connected with the help of knife-type connectors. 

All connecting wiring arranged on the Sai of the unit is covered by 

three removable shields located on the rear side of the frame. The units are 


marked with corresponding numbers. 


.../Te tranamitting 
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The transmitting system is mounted on retractable chassis which is 
@ pushed into transmitter cabinet 5 (See Fig.10). 
The transmitter cabinet is reinforced welded structure with a top- 


mounted steel plate which carries the antenna pedestal. The cabinet is 





designed as a base for the antenna pedestal. 





The modulator-oscillator anes housing carries the driver unit and the 
intermediate-frequency preamplifier unit of the receiving system. These 
units are put into the modulator housing on the side of the front panel and 

& are held in place in the same way as the main control desk units. The 
modulator-oscillator unit housing is mounted on skids which facilitates its 
withdrawl. : : 

The modulator—oscillator unit Rousing is bolted on to the rear part 
of the transmitter cabinet. | 

The chassis is cushioned by means of shock absorbers. 

© The right-hand upper corner of the housing accommodates the magnetron, 
the antenna change-over switch and the magnetron heater transformer. 

The magnetron and the antenna change-over switch are secured on a 

@ common plate which is rigidly bolted on to the antenna pedestal foundation. 
The transmitter components are cooled by exhaust fan 1 located in the 
trailer body behind the transmitter. The magnetron and modulator valves are 
cooled by the air forced by the fan located inside the transmitter. To 
provide free access to all transmitter units the cabinet plating is provided 
‘i with six small doors. In addition, the panel covering the magnetron is 
hinged. Protection of personnel against high voltage is achieved by 


interlocks mounted on each hinged door and the relay of the transmitter 





cabinet. 

The amplidynes are located above the left—hand wheel house frame in the 
cabinet. : 

To reduce noise the cabinet is eyared with a sound proof shield which 


is screwed to the cabinet. For cooling the amplidynes the front body wall 
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Mounted above the left-hand rear wheel house frame is a storage battery 


supplying the emergency lighting circuit of the trailer body. 


5. LIST OF STANDARD EQUIPYENT 
The Table below lists a number of units and assemblies included in the 


station standard equipment and their designation. 


ener nen tenn genes EAR DC C t 


Name of unit Designation 





ee AEA PA IT CS LS CRED 


23 


Driver unit eot ooo erage eoeooeaooeo ooo oeoseooeeeToeeoHeeEaFH GE 729 SOD 


Modulator-oseillator unit eooovreeodaeeoeoo0e77eH 079979907590 F FHF 080900 


Transmitting System 
25 


Receiving System 
Intermediate-frequency preamplifier ocescecsccnecescoscoreses 
Automatic tracking channel amplifier Unit ..creccevesscececcs 


22 

1 

Range channel amplifier unit o.crccccccceresserecerscercesosecs 2 
Antenna—Feeder System 

28 


Antenna change-over Switch osccecscecccoevscesecersscsscscnes 


Feeder system coo a2 oT OD eAOHOOFT FHF HE COHDHOHBOCHOFCHFFOXHG FH GOFF OEE “= 


Range-Measuring System 
Range unit ecoscese eos eens e eo eeFeoeoeoHDOCeoCeCFAeKGe TECH He OBE oO TOO 


Range-mechanism unit eros roar oc eh O07 F7I2GOHRAHHHOHHFFA998HFFHO OHO 


Range and very narrow gate indicator unit serccceccseescescors 


JI wo Se Ow 


Automatic range finder UNit .coscceccccecrssscvescercreosocee 


Plan-Position Indicator System 
Plan-position indicator unit oeossresecsaoeavoeeeveseo recov e008 41 


Supply unit of plan~position indicator and range-measuring 


systems corer ero oe nsec voeeoooereeooFeHFoeo59FFTFe0F 000 9008 5 


Range-measuring system supply UNit o.ccccccoeerececcvcesevewace 9 


re . «e+/Antenna Positionin 
sen ee 
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Name of unit or need aint ion. Designation 
| 
Antenna Positioning System | 
Automatic tracking unit eos reese oor eooosceoaensaeseorogneere70e boas E e 6 
Azimuth and elevation automatic tracking unit ecules 10 
Antenna control unit ow Sig WLS WES hike eal w Sos 9:0 10'S o 0b Gore. b-0 BiGih aie oieiw teres 12 
Amplidyne cabinet eoo@#@onoeoco#@oeve*eeocoecovoeoeong OH GCHHFOKCKC HT eFHGOA2GCHeKBeeoasVe97F6900 O = 
Supply unit of drive-motor field windings Seateaadoiss 66 
Antenna pedestal Esai aomite ory 32 
Data Transini tt ing System | 
Receiving selsyn unit Sie tg Peo Meee elec eae 44 
Outer board schceiebaionssajehecca nal aia adonaaees anaes, 33 
| 
Supply System 
Control unit in ace gi eeaeati nt Eee apm ural 31 
Control panel eee eee ETT eee eee ee eT Teer eT 13 
} 
} 


Standard letter designations and symbols of radio components and 
elements are used on key diagrams. - 

To designate each separate element of a key diagram use is made of 
figure indexes. For this purpose each separate unit is assigned a hundred 
numbers within which similar components are numbered beginning from 1. The 
first two figures designate the unit number, the following figures, ordinal 
numbers of the given types of the elements. For example, designations 
RT-3, C7-21 given on the diagram should be deciphered as follows: R, C - 
letter designations of the diagram elements (resistors and capacitors) 

7-- unit mane 3, 21, etc. — ordinal numbers of the like types of components. 

Full designations of the diagram elements, their types, tolerance and 


other data are given in the summary Specification (Appendix 4). 


.o-/Chapter 2 
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Chapter 2 
TRANSMITTING SYSTEM 


1. GENERAL INFORMATION 


The transmitting system of the station is designed for generating 
radio-frequency pulses with the power of about 250 kW, of 0.5 microsecond 
duration and 1875 e/sec repetition frequency. The frequency range of the 
transmitter is from 2700 Mc/sec (11.1 em) to 2860 Mc/sec (10.5 om). The 
frequency band of the station is obtained by use of four magnetrons of the 
feriowing frequency ranges: 

MI-18; 2820 to 2860 lic/sec. (10.638 to 10.489 em. ) 
MI-19: 2780 to 2820 Mo/sec. (10.791 to 10.638 om.) 
I-20: 2740 to 2780 Mc/see. (10.948 to 10.791 om.) 
MI-21: | 2700 to 2440 Mc/sec. (11.111 to 10.948 om.) 

The eccrine system acnsiste of a driver, a modulator, a magnetron 

oscillator and a high-voltage rectifier (Fig.13), which are mounted on the 


chassis placed in the transmitter cabinet (Figs 14 and 15) located in the 





middle of tne trailer body. 

The modulator oscillator and high-voltage rectifier are housed in one 
modulator—oscillator unit. 

The driver produces positive square pulses with an amplitude of 2700 V 
and of 0.5 microsecond duration to control the modulator. 

The modulator is % powerful electronic switch that feeds the saeietvon 
oscillator with a voltage of about 22 kV for poe Hieosacona and cuts it 
off for 533 microsecond. 

The magnetron oscillator serves to generate A.C. high-frequency pulses 
of about 250 kW power. 

The high-voltage rectifier is designed te supely the magnetron 


oscillator with a voltage (of about 22 kV.) 


20 +/2. FUNCTIONAL 
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2. FUNCTIONAL DIAGRAM OF TRANSMITTING SYSTEM 


Fig.16 shows the transmitting system functional diagram. The negative 


trigger pulses of 1.5 microseconds with an amplitude of about 15 V and. of 


1875 e/sec repetition frequency fed out from the range unit control the 
operation of the driver seca relay. 

The electron relay esomueee negative square pulses of 0.9 microseconds 
duration with an amplitude of 160 V which are fed to the inverter. 

The inverter amplifies these voltage pulses simultaneously altering 


their polarity from negative to positive without changing their duration. 


Then they are supplied for further amplification by the first and second 


power amplifiers. 
/ 

From the output of the second power amplifier the negative pulses are 
passed through the delay line to the input of the first amplifier valve with 
a delay of 0.5 microsecond after it has been triggered by positive pulses 
coming from the inverter. 


From pulse transformer Tr23-2 changing the polarity of voltage pulses, 


positive pulses with an amplitude of 2700 V and of 0.5 microsecond duration 


are applied to the modulator valve grids. 


Two rectifiers located in the driver supply the grid and plate circuits 
of the driver valves, except for the plate circuits of the second power 
amplifier which are fed by the rectifier situated in the modulator-oscillator 
unit. | 

Storage capacitor C25-5 placed in the modulator is charged to 22 kV by 
the high-voltage rectifier. 

In the eateaais between the voltage pulses furnished by the driver, 
the modulator valves are not conducting as they are cut off by negative 
bias, and the storage capacitor cannot discharge through them. 


The positive voltage pulses coming from the driver make the modulator 


valves conducting for 0.5 microsecond, the storage capacitor discharges 
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through the modulator valves and magnetron which ganerates ultra high- 
frequency pulses of about 250 kW power. Upon cessation of the voltage 
pulse action, i.e. after 0.5 microsecond, the modulator valves are cut off 


oN 


again by bias voltage and the magnetron stops generating oscillations until 


the next positive pulse arrives from the driver. 


The ultra high-frequency pulse 250 kW pulse of 0.5 microsecond duration 
produced by the magnetron is passed to the antenna through the feeder 
coupled to the magnetron. 

In parallel eH the magnetron are connected damping diodes which 
suppress spurious oscillations appearing in the modulator circuit after the 


modulator valves have been cut off. 
3. DRIVER 


The driver is composed of the following elements: an electron relay, 
an inverter, the first and second power amplifier, two pulse ieneromionm: 
a delay line and two seouisiae. . 

A key diagram of the driver is shown in Fig.17 (See Album). 


The front panel and general view are given in Figs 18 and 19. 


Electron Relay 

The electron relay is the driver input stage forming the negative 
square voltage pulse whose shape and duration are determined by the parameters 
of the electron relay. Within certain limits the form and duration of the 
pulses are not dependent upon those of the trigger pulse. 

The electron relay (Fig.20) utilizes double triode V23-1 (6N&S) and 
is triggered by the negative pulse with an amplitude of about 15 V coming 
from the range unit. 

Before supplying the trigger pulse the right—hand triode of valve 
V23~1 is cut off by a negative bias of about -16 V applied to grid 1 of the 
right-hand triode from the. voltage divider formed by. eaeieturs R23-7 and 


R23-8 which is supplied by ~—230 V bias rectifier. The left-hand triode 


| of the valve is opened as its grid voltage approximates to zero. 
 AFARET 
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In this case capacitor C23~2 is charged to the plate vcltage value 
@ of the electron relay (to +230 V). The plate current flowing through 
the left-hand triode develops voltage drop across resistor R23-5, as a 
result the potential of the left-hand triode plate 5 is approximately equal 
to +120 V. 
The negative trigger pulse from the range unit is applied to grid 4 of 
the valve left-hand triode through a differentiating circuit composed of 
capacitor C23-1 and resistor R23-2 with a time coristant of about 0.15 
@ microseconds. The negative pulse cuts off the left-hand triode (Pig. 21,a) 
which causes voltage to build up across the leftchand triode plate - 
(Fig.21, Bee) This voltage rise is applied through coupling capacitor 
C23~3 to grid 1 of the right-hand triode, which results in opening of the 
triode (Fig.21, a). 
With the left—hand triode cut off, capacitor. 023-3 charges through 
& resistor R23-5 and the grid - cathode section of ties right-hand triode. 
| The time constant of the Sneeeie circuit (023-3, 223-5) is rather 
large (approximately 30 microseconds) therefore, with the left-hand triode 
& cut off for about 0.9 microseconds the right-hand triode of the valve 
remains conducting; the grid voltage and plate current in it are changed 
inconsiderably during this time interval (Fig.21, d,e). When plate current 
appears in the right-hand triode, voltage drop develops across resistor 
R23-6-and choke L23=1, which results in reduction of potential at plate 2 
by approximately 160 V (Fig.21, £) The voltage reduction is applied 
through coupling capacitor C23-2 to the grid of the left-hand triode, as 
a result the left-hand triode remains cut off though the trigger pulse is 
no ee applied. ; 
@ The voltage reduction on the plate of tie) right-hand triode causes 
capacitor C23-2 to discharge gradually through the right-hand triode and 
resistor R23-2. As the capacitor discharges the voltage drop across 


resistor R23-2 caused by the capacitor discharge, current decreases 
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gradually in value and the pees eras grid voltage inoreases. At 
the moment when the grid voltage slightly exceeds the trigger level, a 
small plate current appears in the left—hand triode. The voltage drop 
across resistor R23-5 causes the drop in the plate potential of the left- 
hand triode. This voltage drop is fed out through capacitor C23-3 to the 
erid of the right-hand triode thereby causing a decrease of its plate 
surrent and, consequently, an increase of its plate potential. The increase 
of voltage on the plate of the right-hand triode is applied to the grid of 
the left-hand triode through coupling capacitor C23-2 and causes further 
rise of its plate current. | 

Thus, at the instant when the eed triode grid voltage reaches 
the trigger level, the left-hand triode current increases in ie avalanche— 
Like meaner and the right~hand triode plate current fully decreases which 
means the circuit comes back to the initial position. The electron relay 
remains in this state until the next trigger pulse arrives from the range 


unit. 





The duration of the negative voltage pulse at tie plate of the right- 
hand triode, i.e. the time for the circuit turn over, is aupemancd in the 
main by the time constant of the capacitor (C23-2) discharge circuit. 

The negative square pulse of 0.9 microseconds duration (Fig.21, f) 
generated by the electron relay is furnished from the plate of the right— 
hand triode V23-1 to the grid of the inverter valve V23-2 through isolating 
capacitor C23-4. 

The repetition ceueey of the ection relay pulse corresponds to 
the frequency of the trigger pulses supplied from the range unit, and is 


1875 c/sec. 





The plates of the electron relay are fed from the rectifier +500 V 
through damping resistors R23-41, R23-34 and R23~33. | 

The amplitude value of the negative pulse voltage produced by the 
electron relay is approximately equal to 160 V. 


.»-/Placed in 
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Placed in the plate circuit of the right-hand triode is correcting 


@ choke L23-1 which serves to improve the pulse wave-form. 


inverter 
The inverter is designed to amplify and reverse polarity of the 
negative pulse farnianea by the electron relay. A positive pulse is formed 
at the inverter output which is required for removing cut-off bias in the > 
valve of the next stage (first anplifier) which is cut off in the time 
interval between the pulses. 
@ The inverter employs valve V23-2, type 6F3S, (beam tetrode) used as 
a triode. The valve plate circuit is supplied from tne +500-volt rectifier. 
If there is no negative pulse applied from the electron relay the 
valve grid voltage approximates zero and the current flowing through the 
valve is about 45 mAy the plate voltage of the valve being in the region 
® of 105 V. ~ ah 
When the control grid is fed with. the negative pulse the inverter valve 
is aaapieneay cut off and positivé voltage pulse La built up on its plate, 


which is impressed on the control grids of the first power amplifier valve 





@ (V23-3) through isolating capacitor 023-5. ‘During the pulse action the 
valve grid voltage becomes positive with the resultant grid current in the 
valve. a | | | 

The grid edenan of the first wees amplifier waive flows through 
resistor R23-10 and develops voltage drop Bituae it sak aearitetas to 
135 V,. which keeps the voltage on the plate of valve V23-2 below 365 v 
during the pulse action. . | / | 

| Thus, the amplitude of voltage pulses ai the plate of valve V23-2 is 

clipped by, the grid current of the first power amplifier and makes up 

2d approximately 260 V. . | | | 

Apart from sownesving choke L23-2 the plate sisenis of valve V23-2 


includes resistor R23-10, which serves to improve the pulse wave-form at the 


inverter output. | | CECRET 
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Fig.22 shows voltage and current curves in the inverter circuits. It 
should be borne in mind that the curve of the inverter plate current has 
the form shown in this figure only in case the second power amplifier is 
not functioning. At normal full connection of the driver the voltage 
pulse wave-form on the inverter plate is slightly changed by the action 
of the negative voltage pulse. This pulse is supplied from the second 
rower amplifier output to the input of the first amplifier through the 


delay line and to the inverter plate through coupling capacitor 023-5. 


First Power Amplifier 

The first power amplifier employs valve y23-3; type GI-30, (a beam 
dual tetrode) is designed for further amplification of the pulse furnished — 
by the inverter. 

The simplified diagram of the driver power amplifiers is shown in 
Fig.23. | 

When there is no pulse applied, both halves of the first amplifier 
valve are cut off by a negative voltage of -230 V applied to the control 
grids from the bias rectifier (valve V23-6). ‘hen the positive voltage 
pulse (Fig.24, a) is applied from the inverter to the control grid of valve 
V23-3 the valve of the first power amplifier is aes conducting. 

The plate load of the first power amplifier is the erie ey winding of 
pulse transformer Tr23-1. The secondary winding of the transformer is the 
load of the grid circuit of the second power amplifier. 

The plate current flowing in the first power amplifier valve (Fig.24, b) 
develops voltage drop across its load, resulting in voltage pulse of 
negative solentty on the valve plate whose wave-form approaches the squere~ 
wave (Fig.24, ¢)- 

The stoencery winding of pulse transformer Tr23-1 is connected into 
the grid circuit of the second power amplifier valve so that the positive 
voltage pulse produced in this winding is applied to the valve grids of the 


next stage. 
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The main function of pulse transformer Tr23~-1 is to convert the 
negative pulse sine a positive one. Nevertheless, the transformer matches 
the auenie resistance of the first power amplifier with the input resistance 
of the second power amplifier, | | 

The transformation ratio of transformer Tr23-1 is 2.531 and relationship 
of pulse voltages across the primary and secondary windings is 7903320 V, 
respectively. 

The application of such a step-down transformer is necessitated by 
keeping, during the pulse action, a considerable grid current (about 2 A) 
consumed by the grid seas BE the second power amplifier. 

Reduction of the pulse duration to 0.5 microsecond in the first 
amplifier circuits can be explained by the action of the Shana saves 
amplifier and the delay line. 

The plate and screen circuits of valve V23-3 are supplied by the +850 V 
rectifier located in the driver unit. To prevent appearance of spurious 
oscillations the screen circuits include grid suppressors R23-13 and 
R23-14, 51 ohms each, whereas the plate sinenite - resistors R23-15 and 


R23-16, 10 ohms each (Fig.17). 


Second Power Amplifier | 

The second power amplifier is designed for further amplification of 
voltage and power of the pulse furnished by the first amplifier. - 

The amplifier employs two valves V23-4 and V23-5, type GI-30, connected 
in parallel. Thus, the second power amplifier uses a parallel combination 
of four tetrodes. , 

Resistor R23-28 serves to clip the current flowing directly from the 
rectifier when valves V23-3 and V23-4 are conducting. | 


In pulse intervals the valves of the second power amplifier are cut off 


by a negative voltage of --230 V fed to the control grids from the bias 


_ rectifier (valve V23-6). . \ 
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The valve plates are supplied with D.C. voltage from the +4000-volt 

© rectifier accommodated in the modulator—oscillator unit. 

With the positive voltage pulse impressed on the control grids of the 
amplifier valves a oe pulse current flows through the valves. This 
current is maintained due to discharge of capacitor C23-8 which is charged 

! during the pulse intervals up to the plate voltage of the second spnee 
emplifier. 
Connected into the discharge circuit of capacitor C23-8 is the primary 
@ winding of transformer Tr23-2. | The winding is the plate load of the second 
power amplifier valves. Thus, the second power amplifier is a transformer— 


coupled amplifier based on a circuit with a parallel supply. 





If transformer Tr23-2 were connected similarly to transformer Tr23-1 
(Fig.25), large D.C. potential difference would occur between the windings 
of transformer Tr23-2, dneuarine to about 5400 V (+4000 across the primary 
€ and -1400 across the secondary). | 
This would demand strengthening of the insulation between wines: 
which would result in an increase of the transformer leaisiae inductance and, 
& therefore, in a slight impairment of the pulse wave-form. 
When the pulse of the plate current passes through the primary winding 
of transformer Tr23-2, the primary winding creates the negative pulse 
having an amplitude of about 3200 V. 
The main function of transformer Tr23~2 is to reverse the pulse 
polarity. 
The Selaptontite tetween the number of turns in the transformer. 
windings is 131 » but due to losses in the transformer the voltage in the 
secondary winding decreases approximately to 2700 V. 
& The positive pulse furnished from the tie eres secondary winding 
is applied to the grids of the modulator joie: 


Connected in parallel with the primary winding of transformer Tr23-2 





is a chain composed of capacitor 023-9 and resistors R23-31 and R23-30; 


eects ee aS i improves 
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which improves the wave-form of the pulse applied to the grids of the 
modulator valves. 

Leakage inductance of the primary winding of transformer Tr23-2 and 
distributed capacitance of this winding, including the wiring capacitance, 
form an oscillatory circuit in which spurious oscillations are shock 
excited at the moment of the beginning and cessation of the plate pulse 
current of the second power amplifier valves. The correcting chain shunts 
this oscillatory circuit, reduces its quality and ensures quick damping of 


the spurious oscillations, thus imoroving the wave-form of the voltage pulse 


Delay Line 





To reduce the duration of the voltage pulse produced by the electron 


relay from 0.9 microsecond to 0.5 microsecond use is made of a delay line 


made in the form of an artificial Ties, The delay line is connected 
between the output of the second power amplifier and the input of the first 
power amplifier (Fig.23). 

The deray line acts as ecuiewss The voltage divider formed by 
resistors R23-29 and R23~-40 furnishes part of the pulse eaiiues of negative 
polarity to the line input. A series combination of four sections of 
inductor L23-3 and a parallel combination of capacitors C23-10 and C23-22, 
C23-11 and C2307. 623-12 and 023-24, 023-13 and 623-25 prevent instantaneous 
transmission of voltage along the line. As a result the voltage pulse at 
the line output appears and vanishes as bit later than at the line input. 
The line parameters are selected so that the pulse delay time equals 
0.5 microsecond. 

‘To avoid reflection from the ithe: end, the line is loaded by resistor 
R23-39 whose value approximates the line wave impedance. 

The pulse of 0.9 microseconds duration generated by the electron relay 


is narrowed on the grid of the first power amplifier (valve V23-3). The 
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grid of this valve is supplied with the poutine voltage pulse from the 
@ inverter and the negative pulse delayed for 0.5 microsecond from the second 
amplifier through the delay line. 

The amplitude of the neentive voltage pulse exceeds that of the positive 
pulse, therefore, the first amplifier is eat off by the negative pulse from 
the delay line 0.5 microsecond after it has been made conducting by the 
sulle furnlianed thon the inverter. Thus, the valve is conducting during 
0.5 microsecond, hence the voltage pulse duration at the anode (plate) of 

@ the first power amplifier and in the successive stages is 0.5 microsecond. - 
Fig.26 shows the voltage curves in various points of the power rectifier 
circuit (by a line of dashes - when the delay line is absent and by a 
continuous line ~ curves actually observed when the delay line is present). 
The pulse from the delay line output is applied to the control grid of 
the first power amplifier ee capacitor C23-19 isolating the valve grid 
from the chassis for D.C. The capacitance value of this capacitor is taken 
small (47 pF) to diminish its influence upon the ineeter pulse form as the 


capacitor shunts the plate load of valve V23-2 for A.C. 


eS Pulse Transformers 

Transformers Tr23-1 and Tr23-2 are transformers of a special type 
intended for undistorted transmission of short pulses. To perform this 
operation it is necessary to ensure minimum leakage inductance in the 
transformer and minimum capacitance between the windings. Reduction of 
leakage inductance is obtained by the close arrangement of the transformer 
windings, whereas reduction of interwinding capacitance is achieved by 
placing them as far apart as possible. | 


The problem is solved by arranging the windings in’a special manner. 


© 


Leakage inductance is minimum if both windings have the same volume. — 
Therefore, each winding of transformer Tr23-1, having transformation ratio 
2.531, consists of two sections, the primary sections being connected in 


series, and the secondary sections - in parallel (Pige27). 
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Used as a core material is permalloy - an alloy of iron and nickél - 
having high magnetic permeability. 

To reduce eddy current loss,. silicon tg added to the alloy, the 
laiinations are made 0.1 0.12 ma thick and aré thoroughly insulated Pim 
each other by a film of varnish applied to one side of each lamination. 

The core of transformer Tr23-2 is greater in volume than that of 
transformer Tr23-1 as the power transmitted by the transformer Tr23~2 reaches 


50 ~ 55 kW during the pulse time. 


Driver Rectifiers 

The driver unit is provided with a plate rectifier ane a bias rectifier. 

The bias rectifier (Fig.28) uses valve V23-6 (kenotron, type 5C4S) in 
a full-wave circuit. It produces bias voltage (-230 V) to supply the first 
and second power rectifier valves. - he bias voltage Ppp Eee ue the electron 
relay ie 16 V) is taken off the voltage divider which is also fed by the 
same rectifier. Besides, the rectifier supplies an electron time relay 
incorporated in the modulator unit. In some stations the -230 V rectifier 
supplies relay P23~1 through series resistor R23-32. 


Note: The electron time relay and relay P23-1 are described 


below in Section 7. 

The bias rectifier filter consists of capacitor V23-14 and choke DL23-1. 
The primary winding circuit of transformer Tr23-3 includes fuse B23~1 
located on the front panel of the unit. 

The plate neatiies of the driver unit (Fig.29) utilizing two valves 
V23- 7 and V23-8 (kenotrons, type 5C4S) and transformer Tr23-4, is represented 
by two independent tagtivies for +500 V, and +350 V, connected in series. 

The rectifier rated for +500 V amples the plate circuit of the inverter 
and electron relay. The mid-point of the transformer plate winding 
(i.e. minus) of the +350 V rectifier is connected to the output (plus) of 
the rectifier, +500 V. Thus, the total voltage of the driver second 


.../rectifier equals 
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rectifier equals +850 V. The voltage of +850 V is used for supplying the 
plates of the first power amplifier and the screen grids of the first and 
second power amplifiers. 

The primary winding circuit of eeaeoanes Ty23-4 includes fuse B23-2, 
located on the front panel of the unit. 

The filament voltage of the driver valves is taken from transformer 
Tr23-5 (Fig.17) which is provided for this purpose with four secondary 
windings: a winding with taps 9 and 10 for heating valves V23-1, V23-2, . 
V23-3, V23-4 and V23-5 of the apives units a winding with taps 5 and 6 for 


kenotron V23~7 and a winding with taps 7 and 8 for kenotron V23-8 of the 


double rectifier. The fourth winding with taps 3 and 4 is not used in the 


driver unit. 

The mains voltage is applied to the driver unit through seuneies 
Zw23-1, whose contacts 15 and 16 supply 110 V, 427 c.pes. to transformers 
Tr23-3 and Tr23-5, whereas contacts 11 and 12 ~ to transformer Tr23-4. 
Connector Zw23-1 is simultaneously used for feeding the driver rectifier 
voltages to an indioateny Ages Pp25~3, (marked VOLTAGE CHECK) located on 
the front panel of tne transmitter unit, and to the electron time relay 
placed in the modulator unit. 

The indicator, type Pp25~3, is supplied through contact 5 and series 
resistor R23~-38 with a voltage of -230 V3; through series resistor R23-36 and 
contact 9 of connector Zw23-1 with a voltage of +500 V and through resistor 
R23~—37 and contact 7 with a voltage of +850 V. All these voltages are fed 
to the instrument through selector switch W25-4. 

The instrument connections are made in such a way that when voltages 
of —230, +500 and +850 V are checked the instrument pointer must be between 
the red marks made on its scale. 

Voltage to the electron time relay is applied through contact 13 of 
connector Zw23—1. In drivers of stahi dex of earlier design the contact 


circuit of relay P23-1 is closed through contacts 13 and 14 of connector 
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The plate voltage of +4000 V is applied to the second power amplifier 
& from the rectifier, +4000 V, located in the ial athenoacdiiston unit, 
through high-voltage connector Zw23-2. The pulse voltage is impressed on 
the grids of the modulator valves from i Suenwaney Tr23-~2 through high- 


voltage connectors Zw23~6 and Zw23-7. 
: MODULATOR. 


The modulator is a powerful electronic switch periodically saoemioing 
the magnetron plate circuit. The basic elements of the modulator are formed 
by three valves V25-1, V25-2 and V25-3 (type GMI-30) connected in parallel, 
storage capacitor C25-5, three damping diodes V25-4, V25-5 and V25-6 
(Wi-0.1/40) and charging choke L25-2. 

Key diagrams of the snaiatesoaciiares unit are shown in Figs 30 

“ead 30,a (See Album). 

@ The grids of the modulator valves are furnished with the constant 
negative bias of -1400 V from the bias rectifier employing valve V25-8 
(VU-111-D). During pulse intervals the modulator valves are cut off. The 
plates of the modulator valves are connected to storage capacitor 025-5 


@ (Pig.31). 


In time intervals between the positive pulses fed to the grids of the 





modulator valves, the stesage capacitor is charged by the high-voltage 
rectifier to a voltage of about 22 kV. The capacitor is charged along the 
following circuit (Fig.31): plus of the high-voltage rectifier, current- 
limiting resistors R25-36, R25-35, capacitor 625-5, choke L25-2, milli- 
ammeter Pp25-2, minus of the rectifier (ground). 
When the positive pulse is received from the driver to the grids of 

the modulator valve (Fig. 32, aie the valves become conducting and the 

r magnetron is connected into the charging cirouit of storage capacitor 
025-5, in series with the modulator valves. In this case voltage drop 
across the modulator valves will be comparatively small (approximately 


1 ~ 1.5 kV) and alyost entire voltage of the storage capacitor is applied 


@rarnrer Fie 25 Shae 
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in negative polarity to the magnetron cathode, as the anode is earthed 
@ (Fig.32, c, d). The magnetron generates pueiineticne of ultra-high frequency. 
Due to relatively large capacitance of storage capacitor 025-5 
(0.125 microl')and short discharge time (0.5 microsecond), the voltage across 
the capacitor during the discharge time decreases by a value not exceeding 
200 V (Fig.32, b). Thus, the voltage impressed on the magnetron remains 
practically constant during the pulse time. 
The conducting modulator valves pass besides discharge current of 
S capacitor C25-5, the current supplied directly by the high-voltage rectifier. 
For limiting the value of the rectifier current flowing through conducting 
modulator valves, current-limiting resistors R25-35 and R25-36 are included 
in the circuit. 
The value of these resistors is such that during the resting time storage 
capacitor 025-5 may sueilad cats be charged up to full rectifier voltage. 
® In time intervals between the pulses charging current of capacitor 
C25-5 flows through milliammeter L25-2. During the pulse time capacitor 
C25-5 discharges through the magnetron. In this case the instrument reads 
© the ieaaeteen average current as the electricity stored by the capacitor 
during the pulse intervals equals the sicnepietey lost by the capacitor 
during the pulse time. 
The average value of the magnetron current at normal operating 
conditions of the magnetron amounts to 21 -— 23 mA. 
Knowing average magnetron current Toy? pulse duration T and pulse 


repetition rate T it is possible to determine the magnetron pulse current. 





According to equation tone toy T . In this case: tT = 0.5 microsecond 
T = os ec. = 
= OTR 
& 533 microseconds. Hence the magnetron current during the pulse will be: 
| Bone 533 -3 : 
Laigas” Lov. x 6.507 22 x 10 ~ x 1066 = 23.5 Amp. 


To provide the proper pulse wave-form of high-frequency oscillations 


produced by the magnetron, the wave-form of the pulse produced by the 


SFPRFT .»-/modulator must 
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' During negative half-periods of this damped 4.C voltage high-frequency 
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modulator must approach the square wave~—form. For this purpose a number 
of correcting elements is placed in the modulator circuit. 


To increase the steepness of the pulse trailing edge the grid circuit 





of the modulator valves includes choke L25-1 (2.5 mH) and in parallel with 
the magnetron - choke L25-2 (5 mH). Choke L25-2 serves to increase the 
steepness of the voltage pulse trailing edge on the sighs eeueeath ae: The 
choke ensures more rapid discharge of the Gahada tenes existing between the 
magnetron cathode Sincuate and earth (capacitor Cp see Fig.31) after the 
modulator valves have been cut off. By the time the modulator valves are 
cut off, the current in the choke amounts to rather a large value (of the 
order of 2.2 A). With the valves cut off this current ensures rapid 
discharge of the stray capacitance between the magnetron cathode and earth, 
its value is not diminishing with time but, on the contrary, increases 
until the voltage between the magnetron cathode and earth falls practically 
to zero. 

After that the current in the choke begins decreasing whereas the 
voltage on the magnetron cathode starts increasing, being positive in 
relation to earth. 

Thus, damped oscillations should develop in the circuit formed by 


choke L25~—2 and the stray capacitance: magnetron cathode - earth (Cp). 


oscillations might be regenerated on the magnetron cathode. To damp 
spurious oscillations in the circuit aia thereby prevent regeneration of 
high-frequency oscillations damping avedes V25-4, V25-5 and V25-6 (kenotrons, 
type B-O.1/40) are connected in parallel with the magnetron. During the 
positive half-wave the diodes shunt the oscillatory circuit and the spurious 
oscillations are auenched. Fig.33 shows voltage pulse wave-forms on the 


magnetron cathode for three versions of the circuit: with inductance (L25-2) 





without diodes, with diodes without inductance, and with diodes and 


SECRET | - »e+/Choke L25-1 


inductance. 
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Choke L25-1 increases the steepness of the pulse trailing ecge on the 


. grids of the modulator valves, thus ensuring a most rapid discharge of the 


capacitance existing between the modulator valve grids and earth. 

To check the wave-forms of voltage pulses on the grids of the moduletor 
valves and on the magnetron cathode the right-hand part of the transmitter 
cabinet front panel is provided with test connectors Zw25~-3 and Zw25-4. 
Voltages are applied to these connectors from capacitive voltage dividers 
formed by capacitors C25-3 - C25-2 and C25-7, and capacitance between the 
screw fastening the insulator of storage capacitor C25-5 and capacitor 
C25-5 itself. The screw is isolated from the chassis. 

Test connectors Zw25-3 and Zw25-4 are connected with the capacitive 
voltage dividers through resistors R25~—34a - R25-34b and R25~33, which serve 
to suppress spurious oscillations occurring in the pilot circuits. | 

The grid and plate circuits of the modulator valves include grid 
suppressors; in grid circuits they are as follows: R25-43, R25-44, R25-45 
(10 ohms each); in plate circuits R25-d40, R25-41, R25-42 (10 ohms each). 
The grid suppressors serve to damp spurious oscillations appearing sometimes 
in the circuit consisting of distributed stray inductances and capacitances, 
as well as to equalize load currents in the grid and plate circuits of all 


three triodes. 
5. MAGNETRON OSCILLATOR 


The magnetron oscillator serves to produce strong high-frequency 
pulses. Frequency of the generated oscillations is within the range of 


from 2700 to 2860 Me/sec, the pulse power is 250 kij, and the pulse duration 


is 0.5 microsecond. It consists of a special oscillation valve magnetron 


and a permanent magnet between the poles of which the magnetron is placed. 
The magnetron generates high-frequency oscillations when it is 
supplied with plate voltage coming from the modulator. 
The high-frequency energy is passed from the magnetron to the station 


antenna through the feeder line. 


CEPDET. 
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Magnetron 
© | The transmitter unit of the radar station employs a mul ti-cavity 
magnetron, type WI-18 (I-19, MI-20, MI-21). | 

The magnetron (Fig. 34) consists of the following ne components: an 
anode block, a cathode, a high-frequency lead, heater 1680s and a finned 
body. 

The anode block of the magnetron is a metal cylinder in which eight 
cavities are cut connected with the central one by slots. The inner surface 

& of the anode block consists of a combination of slots and segments. 

At ultra-high frequencies current flows not through the Stel body of 
the entire anode block of the magnetron, but only through a thin surface 
layer. Taus, it appears as if the block cavities were made up of a thin 
conducting film of metal and the remaining eeiiiie of metal is an ideal 
dielectric for ultra-high frequencies. 

®@ Hach cavity together with a slot is 5 resonance circuit which is 
coupled to the central cavity and the remaining circuits. 

An output coupling loop is inserted into one of the anode circuits to 

@ transmit the ultra-high Ps guehoy enerey from the Pusateey to the feeder. 

Due to close coupling between the resonance circuits the energy of all 

the block circuits is passed to the feeder ‘through the high-frequency lead. 

| The central cavity incorporates a powerful oxije-coated cathode serving 
as an electron emitter. The heater leads of the magnetron are insulated 
from the body and are protected against damage by a glass cup. 

To make cooling of the magnetron more effective the outer circumference 
of the anode block is fitted with radiating fins which stand in the way of 
the air flow forced by the fan. 

® Thus the magnetron is a cylindrical two-electrode valve with a special 
anode. When the magnetron is functioning it is placed in permanent | 


magnetic field directed along the cathode axis. 


SPORET 
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The nature of physical process, occurring in the saeneteon nen high- 
@ frequency oscillations are generated, can be approximately presented as 
follows: 

Each electron moving in space between the magnetron anode and cathode 
is acted on by three fields: permanent magnetic field H (directed along the 
cathode axis); permanent radial electric field E, (directed fron the anode 
to the cathode); a high-frequency electric field (set up between the anode- 
block segments). 

@ The influence of electric field E upon the negative charge is 
| characterized by the force proportional to tis electric field intensity 
Ba = e.H. 

The influence of the magnetic field upon the moving charge is 

characterized by the force proportional to the intensity of magnetic field 


H and charge velocity vs 


i] F, = K.v.H. 


H 


where K is proportionality coefficient. 


_ The direction of force F., acting on the negative charge in the electric 


8 


on the moving charge in the direction perpendicular to velocity vector v- 


© field is opposite to the direction of intensity of field E. Force F., acts 


and the magnetic intensity vector H, and therefore, changes only the direction 
of the charge travel, the absolute velocity value being unchanged. 

The trajectories of electrons in the two-electrode cylindrical magnetron 
are shown in Fig.35. | 

When there is no magnetic field the electron travels along the straight 
line (trajectory A)s with the magnetic field ies catey less than certain 
value Hk, the electron trajectory differs from the straight line (trajectory 

e@ B)s with the magnetic field intensity exceeding value Hk called critical 
| field intensity, He tredestery is Saeyedces that the electron without 


reaching the anode comes back to the cathode (trajectory Che 
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A more detailed analysis of the motion of electrons in electric and 
& magnetic fields arranged at right angles (when the magnetic field intensity 


exceeds the oritical intensity) shows that the electron trajectory is a 
cycloidal path, i.e. resembles the trajectory of a point on the rim of a 
wheel rolling over the surface without sliding (Fig. 36). 

As the Asien moves away from the cathode its velocity increases and 
when it reaches the cathode its velocity decreases and at the cathode surface 
the velocity ne ZeTO. 

& Thus, the motion of electrons in a magnetron with a planar cathode may 
be considered as a sum of two motions, uniformly-translational motion in 
the direction parallel to the anode surface, and rotary motion. 


The velocity of translational movement of the electron, i.e. the average 


velocity of the electron in the direction parallel to the anode surface, is 


7. 


proportional to - 


a7 
® To explain the process of maintaining sustained oscillations in the 

magnetron let us assume, as it is usually done when analysing the operaticn 
of self—excited generators, that at the initial moment there are high- 

@ frequency oscillations caused in the cavities by an external cause (sharp 

change of voltage, eto. )» These oscillations whose frequency is determined 

by the cavity dimensions develop at the slots of the cavities, i.e. between. 

adjacent anode segments, an alternating electric field. 

The oscillatory circuits (cavities) are coupled to each other by the 
segments of the anode central cavity. Therefore oscillations in any pair 
of neighbouring circuits are shifted in phase by one half-period (Fig.37). 
By selecting the magnitude of relation a it is possible to set such a 
celoeiy of the translational movement of electrons which are in the space 
between the cathode and anode, that the time required for the electron to 
® cover the distance equal to that between the anode slots, will amount to one 


half—period of resonant oscillations in the anode circuits. When the 


ee . /mentioned condition - 
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mentioned condition is observed the electron, that left the cathode and 

@ passed by the first encountered anode slot at the instant when the maximum 
retardation field of high-frequency oscillations acts about the slot, will. 
approach the next anode slot just at the moment the maximum retardation 
field also acts near it. 

When the electron moves at the first slot in the retardation field its 
velocity is slightly decreased. This means that part of the electron 
kinetic energy is spent to increase the energy stored in the circuit, 

& i.e. to increase the energy of radio-frequency weeirietienes Due to a 
decrease in the kinetic sneney the electron while travelling further along 
its trajectory completely loses its velocity, i.e. stops at some distance 
from the cathode wieesue reaching its surface. Then by the action of the — 
positive voltage applied to the magnetron anode the electron starts moving 
towards the anode again describing a second path of its cycloidal trajectory. 

@ When passing near the second slot of the anode in the radio-frequency 
retardation field the electron gives up part of its kinetic energy this time 


to the second anode circuit. 4s a result the next path of the cycloidal 





& trajectory of the electron begins at the point located at greater distance 
from the cathode, etc. 

Thus passing near the anode slots and each time giving part of the 
energy gained due to the anode voltage supply to the anode circuit the 
electron gradually moves away from the cathode and ultimately reaches the 
anode (Fig. 37). 

It is obvious that the electron energy given up to the cacut latory 
circuits favours maintenance of sustained oscillations in them. Therefore, 
the electrons like those considered above may be called the electrons moving 
ina voucavanne phase. 

Besides these electrons, the cathode emits electrons that start moving 


in an unfavourable phase. Passing near the first encountered slot this 
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electron gains additional acceleration, as a result it arrives at the 
cathode surface with appreciable velocity and is absorbed by the cathode. 
Therefore, the electrons leaving the cathode surface in the unfavourable 
phase gain seoctomation in the radio-frequency field. once. Tne electron 
transit time in the space between the ee and the anode is much shorter 
than that of the electron that left the cathode in the favourable = iia 
Thus, the so-called "sorting" process takes place in the magnetron as 
a result of which at any moment the inter~electrode space of the magnetron 
contains much more electrons moving in the favourable phase than those 
moving in the unfavourable phase. 


A more dctailed analysis shows that the radio-frequency field component 





perpendicviar to the anode surface also furthers bunching of electrons into 
clouds around those moving in the most favourable phase. 

Thus the density of electrons moving in the space charge is not uniform. 
The space charge regions with the most heavy density of electrons take the 
form of a spoked wheel which rotates about the cathode (Fig. 38). The 
space charge spokes rotate in synchronism with oscillations of the anode 
block electromagnetic field. Bach spoke of the space charge passing the 
anode slots encounters maximum retardation radio-frequency field and gives 
up part of the energy of its electrons to the oscillatory circuits thus 
maintaining sustained soca anions in the circuits. 

The magnetron, type MI-18 (MI-19, MI-20, MI-21), employed in station 
SON-9 operates under pulsed conditions. The magnetron anode is earthed. 
The cathode is fed with negative voltage pulses. The frequency of the 
magnetron generated oscillations is determined in the main by dimensions of 
the cavities but in narrow limits it may be varied depending upon the 
ere mode of operation. 

For optimum mode of operation the magnetron cathode should be furnished 
with pulses of 20 ~ 22 kV, whereas the magnetic-field intensity should 


amount to 1900 oersteds. In these conditions the pulse current through 


CRE | oe ./the magnetron 
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the magnetron is 23.5 A. 
@ When the ratio of the period of pulse repetition to the duration of 


the pulse (T) is 1066, then the average value of the current through the 





ce 


magnetron is 22mA. 


Permanent Magnets 


To create a magnetic field required for the magnetron operation :use 
is made of permanent magnets fabricated from magnico alloy. 

The magnets are compvised of two horn-like poles 2 (Fig. 39) between 

@ which magnetron 4 is placed. Both poles are secured on steel plate 5 
having low magnetic resistance. 

The poles are placed opposite to each other and the gap between them 
can be varied with the help of a worm gear when rotating mob 1 situated on 
the magnet plate. 

® ‘The plate with the magnets is attached to base 9 which in its turn is 
secured to the antenna pedestal foundation. Fixed to the same base by 
three thumb-screws is plate 6 which mounts the magnetron. The magnetron 
is located in the gap between the poles in such a way that the lines of 
@ force of the magnetic field built up by he magnets are in parallel with the 
magnetron cathode. | 

The average value of the nepietia #1eie intensity must make up 
1900. oersteds, but the value may vary for various magnetrons. 

The required value of the ragnetic field intensity is provided during 
tuning by rotating the gap control knob nécondine to instruments Pp25-2 
(MAGNETRON CURRENT) and Pp25-1 (HIGH VOLTAGE) situated on the front panel 


of the modulator-oscillator unit. 
6. RECTIFIERS 


The modulator-oscillator unit accommodates three rectifiers as follows; 
a rectifier +4000 V, a rectifier -1400 Vand a high-voltage rectifier for 


22 kV. 
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The rectifier, +4000 V, is a plate voltage supply of the driver second 

. & power amplifier valves. The rectifier is based on a full-wave circuit ! 

using valves V25-9 and V25-10 (kenotrons, type VU-111-D). 

The rectifier circuit includes plate transformer Tr25-4, heater 
transformer Tr25-5 (Fig.40) and filter capacitor C25-8. To protect the 
rectifier from overloads, overload relay R25-4 is placed in its negative 
circuit. This circuit also includes undervoltage relay P25-8 which will 
be dealt with in section 7 of the present Chapter. 

e The value of the rectifier voltage is checked by instrument Pp25-3 
marked VOLTAGH CHECK (with switch W25-4 in position +4000) located on the 
front panel of the modulator—-oscillator unit. 

| When the rectifier voltage is normal the pointer of instrument Pp25-3 
should come to set between two red marks on the instrument scale. 

Placed in the circuit of inatrument Pp25-3 are series resistors 

®@  R25-48 ~ R25-53 and potentiometer R25~-30, which serves to set uecanecenient 
pointer in the middle between the red marks at the rectifier rated ere 
of +4000 V. 

@ _ The rectifier, -1400 V, produces negative bias voltage applied to the 
grids of the modulator valves. The bias rectifier is based on a half-wave 
circuit using valve V25-8, type VU-111-D (Fig.41). | 

The rectifier circuit includes plate transformer Tr25-9 and heater. 
transformer Tr25-10. Capacitors C25-1 and C25-6 are used as a filter. 

From the mid-point of the divider formed by resistors R25-37 and 
R25~38, the voltage of -820 V is applied through resistor R25-39 and connector 
Zw25-8 to the keep-alive electrode of the antenna change-over switch T.R. cell, 
Connected in series with resistors R25-37 and R25-38 is the coil winding 
of undervoltage relay P25-3, which operates to close its contacts in the 
interlocking circuit of magnetic starter ?25-1 only after. the voltage at the 


bias rectifier output has reached a value of about -1400 V (See section 7 


of the present Chapter). SECRET 
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The rectifier voltage value is checked by instrument Pp25-3 (VOLTAGE 
@ _ CHECK) with syiten W25~4 placed in position +1400. 
| When the rectifier voltage is normal the pointer of instrument Pp25-3 
should come to set between the two red marks. 

Placed in the cirevit of the instrument are woeietens R25—46, R25-58 
and potentiometer R25-29 which serves to set the instrument pointer between 
the red marks. 

The high-voltage rectifier, 22 kV, is used to place charge on storage 

@ capacitor C25-5 which stores the energy to supply the magnetron oscillator. 
The high-voltage seatieiee employs a vo-tage doubling circuit (Fig.42) 
and contains the elements as follows: 
a transformer unit (high-voltage plate transformer Tr25-6 and heater 
transformer Tr25-8) with tivo kenotrons, type W1-0.1/40 (V25-11, V25-12)3 
capacitors 025-9 and 025-10; 
potential easter Tr25-7 (in stations of earlier design an. auto— 
transformer or a voltage regulator is used) for continuous variation of 
voltage across the primary winding of high-voltage transformer Tr25~—6. 


& The potential regulator is provided with one primary and one secondary . 





winding. The primary winding is arranged on the rotor of the potential 

regulator and the secondary winding - on the stator. The rotor can turn 

with regard to the stator, which results in changing the coupling of the 

stator and rotor windirgs. This in turn causes the change in voltage taken 
: from the sesonaaay: winding of the potential. regulator. 

The value of voltage applied to the primary winding of high-voltage 
transformer Tr25-6 and consequently the value of the rectifier output voltage 
is adjusted by means of potential regulator Tr25-T whose control knob 

@ DECREASE — INCREASE: is situated on the front panel of the modulator- 
oscillator unit. 

The rectified voltage is taken off capacitors C25~-9 and 025-10. The 
negative pole of the rectifier is earthed through relay P25~-5 which protects 


_ .,. _frem_oaverloaads. CPAACT 
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The rectifier voltage doubling circuit consists of a series combination 
@ of two half-wave rectifiers, both rectifiers using one secondary winding of 
the plate transformer. 

One of the half-wave rectifiers is based ee the secondary Wining of 
transformer Tr25-6, valve V25-11 and ree C25-9. | The positive 
terminal of this rectifier is in point a, the negative terminal is in point 
br. The second rectifier is based on the same secondary winding of 
transformer Tr25-6, valve V25-12 and capacitor 025-10. The positive 

@ terminal of the second rectifier is in point b, while the negative one in 
point c. 

Thus, the total voltage of both rectifiers, i.e. double voltage, is 
obtained tetweeri points a and b. This circuit functions as follows: 

Suppose, that at a certain instant the voltage polarity across the 
secondary winding of transformer Tr25-6 is such, that the plate of valve 

@ V25-11 is fed with the positive voltage. By the action of this voltage, 
the current flowing through valve V25+11 charges capacitor C25-9 to a 
voltage approximating the voltage of the secondary winding of transformer 

@ Tr25-6. During the next half-cycle, when the negative voltage is applied, 
capacitor 025-10 charges through valve V25-12. This capacitor will charge 
to a voltage approximating to that of the secondary winding of transformer 
Tr25-6. During the period when neither of the capacitors charges both 
of them connected in series are discharging to the load which is under 
‘double volteg2 as compared with the voltage across the secondary wiudiey 
of transformer Tr25-6. 

The high-voltage rectifier voltage is checked by instrument Pp25-1 
(HIGH VOLTAGE) connected in series with a chain of series resistors R25-1 - 
R25-25 making up approximately 15 megohms in all. The chain of series 
resistors is supplied with a half of the rectified voltage taken off 
capacitor 025-10. The scale of instrument Pp25-1 is graduated to measure 


full voltage of the high-voltage rectifier.. 
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To protect the operating personnel against possible shocks by high 
voltage provision is made in the transmitting system for door interlocks 
W25-5 - W25-10, isolating the high-voltage rectifiers when the interlocking 
circuit is disconnected. 

To protect the transmitting system sieieats against excess currents 
provision is made for a definite sequence of connection of separate elements, 
their maximum protection and emergency switching. 

7e CONTROL, INTERLOCKING 
AND SIGNALLING CIRCUITS OPERATION 
Operation of the Control Interlocking and signalling circuits. 


The control, interlocking and signalling circuit of the transmitting 


system are shown in key diagrams of the driver and modulator-oscillator as 


well as on diagrams of control, interlocking and signalling circuits 
presented in Figs 43 and 43a (See Album). In Fig.43 a (see Album) aoe shown 
the control, interlocking and signalling circuits of the sets of earlier 
design. | 

From contact block P113-1 of the control panel the mains voltage of 
220:'V, 50 copes. is applied to block P125-2 of the transmitting system. The 
mains voltage of 110 V, 427 c.p-s. is fed to contact block P125-1 from blocks 
P113-5 and P113-6. 

With switch W25-1 disconnected all the circuits of the transmitting 
system are de-energized. When the switch is on the mains voltage of 
220 V, 50 c.ep-s- is applied through its contacts 5-6, 7-8 and 9-10 to 
transformers Tr25-1 and Tr25-2 for heating the modulator valves and damping 
diodes, to dial lighting Tauee 225-20, 4225-21 and 225-22, electric motor 
M25-1 of the fan cooling the magnetron and modulator valves as well as to 
connector Zw25-10 for supplying the cooling fan motor in the transmitter 
cabinet. 


ee een se the mains voltage of 110 V, 427 c.p.s. is applied 


through contact. 1-2 and 3- g of switch W25-1 to transformers Tr25-10 
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and Tr25-5 for heating the kenotron of the -1400 V rectifier and valves 

of the +4000 V rectifier to transformers Tr25-8 and Tr25-3 for heating the 
high-voltage rectifier valves aan magnetron respectively, to transformer 
Tr25-11 for heating the electron time relay valve, to pilot lamp N25-13 
(MAGNETRON HEATING) and through contacts 15 and 16 of connector Zw25-1 to 
transformers Tr23-5 and Tr23-3 for heating the driver valves and -230 V 
rectifier, respectively. — | 

The bias rectifier voltage (~230 V) is applied to valve V25-23 of the 
electron time relay. In 45 seconds, the plate current of valve V25-23 
causes individual point relay P25-6 to close its working contacts. 

Thus, witu switch W25-1 on, voltage is applied to heater transformers 
of all valves of the transmitting aye ten to the fan motors, the bias rectifier 
transformer, and the electron time eae 

In stations of earlier design wie is made of electromechanical relay 
P25-6 which is fed by 220 V, 50 cspss. A.C. mains. 

The electron and electromechanical time relays are Sassiipee below. 

When the time relay operates, white pilot lamp N25-14 (TIME RELAY) comes | 
on indicating that voltage may be applied to the modulator valve bias 
rectifier and to transformer Tr23-4 in the driver unit. These voltages are 
Switched on by button W25-2 ON, BIAS, SCREEN. 

Pressing pakton. W25-2 closes the supply circuit of magnetic starter 
P25-1, but the latter operates only in case the contacts of door interlocks 
W25~-5, W25-6, W25-7, W25-8, W25-9, W25-10 are closed (in stations of earlier 
design including the contacts of relay P23=1 located in the driver unit). 

When magnetic starter P25-1 operates, green pilot lamp N25-15 (BIAS and 
SCREEN) comes on, the mains voltage of 110 V, 427 c.p.s. is applied to plate 
transformer Tr25-9 of the bias rectifier -1400 V and through contacts 11 and 
12 of connector Zw25—1 to transformer Tr23-4 accommodated in the driver units 
the mains voltage of 220°V, 50 c.p.s. is applied to the electromagnet coil 
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winding of relay P25-7 which operates to open the discharge circuit of 
© capacitors C25-9, C25-10 and C25-5. 
When the modulator valve bias rectifier, -1400 V; is on, its output 


voltage causes relay P25~-3 to operate. The relay contacts close the 





interlocking circuit of magnetic starter P25-1. After the starter and the 
relay have operated, button W25-2 ON BIAS AND SCREEN may be released, since 
the coil winding of the starter electromagnet is closed through the starter 
interlocks "A" and "B", normally closed contacts of overload relay P25-4 

@ (as well as contacts of overload relay P25-9 in stations of earlier design), 
contacts of relay P25-3 and button W25-2. 

Pressing any of buttons W25-3 (ON, HIGH VOLTAGE) located an the front 
panel of the modulator—oscillator unit or button "4-5 situated on the front 
panel of the range mechanism unit, closes the supply circuit of the 
electromagnet coil winding of starter P25-2 and causes the latter to operate. 

& When the magnetic starter operates red pilot lamp N25-16 (HIGH VOLTAGE) 
comes on and the mains voltage 110 V, 427 c.p.s. is applied to transformer 
Tr25-4 of the rectifier (+4000 V), potential regulator Tr25-7 and through 
@ | _the latter to high-voltage plate transformer Tr25-6. 

When the rectifier (+4000 V) is on, its load current causes undervoltage 
relay P25-8 to close the interlocking circuit of magnetic starter P25-2 with 
its contacts. 

After the starter and undervoltage relay have operated, the high- 
voltage button may be released since the supply circuit of the starter 
electromagnet coil is closed through the starter interlocks "A" and "B", 
contacts of undervoltage relay P25-8 and normally closed contacts of over— 
load relay P25-5 (as well as the contacts of overload relay P25-8 in stations 

® of earlier design). 


Notes Stations of earlier design are not provided with undervoltage 


relay P25-8. The same reference number stands for an overload 
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relay which is connected into the primary siueiae of transformer 
@ Tr25-4 of the +4000 V rectifier. 
| The interlocking sisoute.of magnetic starter P25-2 is closed by contacts 
of relays P25-5 and P25-8. Opening of contacts of either relay causes 
ee of the supply circuit of the electromagnet coil winding of epear 
P25-2 whose main contacts disconnect the supply of the high-voltage rectifier 
potential regulator Tr25-7 and transformer Tr25-4 of the +4000 V rectifier. 
The red pilot lamp N25-16 (HIGH VOLTAGE) goes sit | 
@ Thus, with contacts of relays P255 and P25-8 opened, the high-voltage 
rectifier voltage. and the driver output power amplifier plate supply are off. 
The same will result from the operation of overload relay P25-4, from 
opening of contacts of relay P25-3 and of door interlocks W25-5, We5-6, 
W25-7, W25-8, W25-9 and W25-10. 
In stations of earlier design voltages from the high-voltage rectifier 
@ and +4000 V rectifier will be switched off during operation of overload 
relay P25—9 and edeniné of contacts of relay P23-1 located in the driver unit. 
When contacts of relays P25-3 and 25-4 or (in the sets of earlier 
® design, P25-9 and P23-1) or contacts of door inteflocks W25-5 -— We5-10 are 
open, only magnetic starter P25-1 is disconnected, because the contacts of . 
the above relays and door interlocks are placed in the supply circuit of 
the electromagnet coil winding. | 

In this case the main contacts of magnetic starter P25-1 disconnect 
the supply of transformer Tr25-9, transformer Tr23~4 in the driver unit, 
the electromagnet coil windings of relay P25-7 and as a result green pilot 
lamp N25-15 (BIAS AND SCREEN) goes out. 

Thus, opening of contacts of any relay (P25-4 and P25-3 or in the sets 
of earlier design also the relays P25-9 and P23-1) or one of the door inter~ 
locks results in disconnection of magnetic starters P25-1 and P25-2 and 
consequently in disconnection of all the rectifiers of the transmitting 


system, except for the bias rectifier, -230 V, located in the driver unit. 


SECRET | .../ihen the 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 











Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


CLUE 
- 58 - 
When the electromagnet coil windings of relay P25-7 are de-cnergized 
its operating contacts, through which capacitors 025-9, C25-10 and C25-5 
are charged, close. | 


Potential regulator Tr25-7 whose voltage is fed to the primary winding 


of plate transformer Tr25-6 of the high-voltage rectifier is controlled by 


‘the knob situated on the front panel of the modulator-oscillator unit. 


When turning the potential regulator knob clockwise the voltage 
applied from the autotransformer to the ees winding of plate transformer 
Tr25-6 increases, therefore, the rectified vol tees rises. When turning the 
potential regulator knob counter-clockwise the voltage from the high-voltage 
rectifier decieases. To limit the turning angle of the potential-regulator 
roter mechanical stops are arranged on the rotor textylite gear in two 


extreme positions of the potential regulator. 


Time Relay 
The time relay serves to close one of the branches of the control, 
interlocking and signalling circuit of the transmitting system with a time 
delay of 45 sec. The presence of the time relay makes it possible to warm 
up the cathode of all valves in the transmitting system before switching on 
the plate voltages. 


The transmitter unit employs an electron time relay based on valve 


~V25-23 (6N8S). In sets of earlier design there is used an electromechanical 


time relay 723-1. 
Electron Time Relay 

4ll elements of the electron time relay are mounted on a plastic board 
with a metal case. The general view of the electron time relay is shown 
in Fig.44, a, and the key diagram - in Fig.44, b. ; , 

The electron time soi ae supplied by the driver bias rectifier, -230 V. 
Heater transformer Tr25-11 is fed with a We aee of 110 V,427 CeDeSe After 
switch W25-1 has been on, 110 V, 427 c.p.s. are applied to transformers 
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Tr25-11 of the electron time relay and Tr23-3 of the bias rectifier, ~230 V, 


e@ located in the driver unit. 





By the action of the rectifier output voltage a small plate current 
flows through valve V25-23 of the electron time relay. The current 
circuit is closed through the electromagnet coil winding of individual point 
relay P25-6, valve V25-23 and resistor R25-60. A voltage drop of definite 
rolarity is developed across resistor R25-60 (Fig.44, b). Capacitor 
C25~-19 is not able to charge instantly and this voltage will appear to be 

& impressed between the cathode and the grid of the valve, aint on the grid. 
This results in clipping the current flowing through valve V25-23 of the 
electron time relay, and consequently through the electromagnet winding of 
individual point relay £25-6. 

This current is initially smaller than the operating current of the 
individual point relay P25-6. As haan is placed on capacitor C25-19 

& (through resistors R25-61, R25-62 and R25~-63) the negative voltage between 
the cathode and control grid of valve 25-19 decreases, while the current 
flowing through the valve and seaesauentiy through the coil winding of Ne 


© individual point relay electromagnet increases. At the instant when the 





current flowing through the coil winding of the individual point relay 
electromagnet becomes equal to the operating current of the relay, the latter 
will operate to close its normally opened contacts in the sie circuit 

of magnetic starter P25-1. 

The value of the time constant for the charging circuit of capacitor 
C25-19 and resistor R25-60 is selected in such a way that the time relay 
operates 45 sec. after switch W25-1 has been on. 

When switch 25-1 is off the operating contacts of individual point 

@ relay P25-6 come back to the initial position. 

The circuit of the electron time elay enables -to increase the time 

delay of the relay operation. To extend it from 45 sec. to 2 min. resistor 


R25-63 should be removed from the circuit. 
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Electromechanical Relay 


The general view of the electromechanical time relay is shown in 


 *Fig.44, c. 


The circuits of the electromagnet and motor of the time relay are 
supplied with 220 v; 50 c.p.s. A.C. 

When current flows through the coil of electromagnet 1 its core is 
Pulled into the coil and turns the upper lever shaft coupled to it. In 
this case sprocket 10 of the upper lever comes in mésh with sprocket 4 of 
the reduction gear. Simultaneously with switching on the electromagnet 
motor 2 whose winelne is in parallel with the coil of the electromagnet 
es operating. The motor rotation is imparted through the reduction 
gear and two sprockets 4 and 10 to lever 8 which, while turning about shaft 
14, reaches the bent lug of dial 5 and on further rotation carries the dial 
along withit, A stop secured on the dial disc presses latch 11 which releases 
lower lever 7. The lower lever acted on by compressed spring 9 moves down 

hus sidsiag contacts 12 of the external circuit and opening contacts 13 
placed in the supply circuit of the electric motor winding. 

With the electromagnet voltage supply switch off the entire system is 
returned to the initial position by the action of the springs. 

The relay is set at the required operation time delay by ieneaaing or 
decreasing the length lever 8 travels until it engages the bent lug of the 
dial. 

To set the relay at the required operation time delay it is necbesary 
to pull the spring so that its bent end slips out of the slot in the-dial 
disc. Then the disc should be turned to match the spring bent end with 


the dial slot against which the required time delay is marked. 
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Chapter 3 
@& ANTENNA-FEEDER SYSTEM 


1. GENERAL 


The antenna-feeder system of the station is designed for conveying the 


electromagnetic energy produced by the magnetron, radiating it in a narrow 





beam into space as well as for picking up returned signals (echoes) and for 
| passing them to the input of ie receiving system. 
The antenna-feeder system ensures any indved scanning of space in 
| 
| & azimuth and in sector and from -0~-50 to +14-50 in elevation. 
| The antenna-feeder system is hermetically sealed. When the station 
is operating the dried air forced under a low pressure by the automatic air 
dryer (dehydrator) flows through the antenna-feeder system. This air 
enables the equipment to operate in any weather aid causes the feeder line 
to pass the required power of electromagnetic energy with the minimum 
® attenuation in the feeder. 
. The antenna-feeder system provides fors 
~ channelling of electromagnetic energy during transmission or reception 
& within the band of operating waves of the station: 10.5 to 11.1 oms 
~ transmission of peak power up to 250 KW during the pulse at travelling 
wave ratio not less than 0.653 
~ forming the radiation pattern. Width 0-83, determined as an angle 
between the ieee tlens in which the radiation power equals one half of the 


power radiated in the direction of maximum radiation power. 
2. BLOCK-DIAGRAM OF ANTENNA-FEEDER SYSTEM 


The antenna-feeder system, a block-diagram of which is shown in Fig. 455 
consists of the following basic parts: 
@ antenna 1 which includes anions head 11 and parabolic reflector 123 
radio-frequency coaxial feeder 2 made of separate sections coupled with 
the help of fixed and rotating joints 7, 9, 103 


SFORET coef antenna change-over 
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antenna change-over switch 3, which includes the transmitter T-junction 


@ 6 and T.R. cell 4. 





The antenna is designed to radiate electromagnetic energy in a narrow 
beam into space as well as to pick up the signals returned from the targets 
within the range of this beam. 

A single antenna is used for reception and transmission. 

The antenna head is arranged in front of the parabolic reflector in 
such a manner that its radiation contre is in the focal plane of the 

@ set lector: 
To create cone scanning employed during automatic tracking of the target, 
the radiation pattern axis is slightly tilted in relation to the geometrical 
‘axis of the parabolic reflector and traces of cone surface iynine the antenna 
head rotation. 
The radio-frequency coaxial feeder is designed to convey electromagnetic 
© energy with minimum loss from the transmitter to the antenna and from the 
itabeis to the receiver. : 

Two rotating joints - azimuth joint 7 and elevation joint 9 called 

@ slow rotating joints ae similar in design. They provide passing of 
electromagnetic energy through the feeder during rotation of the antenna in 
azimuth and elevation. 

The third rotating joint 10 called a fast sotating joint slightly 
differs in design from the above two. It provides transmission of energy 
when the antenna head rotates at a speed of 1440 r.p.m. which is required 
for cone scanning of the beam. 

The antenna change-over switch is designed to protect the receiver 
from damage by the transmitter powerful pulse. 

The antenna change-over switch consists of T.R. cell 4 with a spark 
gap and transmitter T-junction 6 which is represented by a iceneetion of 


the coaxial feeder, which connects the feeder with the magnetron and T.R. 
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During the transmitter operation T.R cell 4 keeps the transmitter: 
powerful pulses out of the receiver thereby protecting the receiver from 
damage. | . 

In the transmitter resting time the T.R. cell performs the function of 
the input circuit that couples the antenna to the receiver. 

3. BASIC NOTES ON THEORY OF ULTRA-SHORT WAVE 
TRANSMISSION LINES 

In ultra-short wave transmission lines energy propagates along the line 
in the form of voltage and current waves. 

Energy propagates along the line with the final velocity. During one 
oscillation cycle energy moves along the line to cover the distance equal 
to the wave length. 

In case energy moves along an infinite line the voltage and current waves 
are in phase along its entire tenevs therefore, the relation of voltage to 
current in any point of the line remains constant and equal to the line 
characteristic impedance. The characteristic impedance depends upon the 
form and sizes of the line cross-section; the coaxial line characteristic 
impedance is determined by the formula 

| p= 138 1g —3 , 
where D is the internal diameter of the external tube, 
d is the external diameter of the internal tube. 

The radio-frequency feeder used in the station is a coaxial line with 

dimensions: D = 20 mm, d = 9 mm3 its characteristic impedance is 


p= 138 lg a = 48 ohms. 


In the real finite line loaded by resistance equal to the line 
characteristic impedance the same wave propagation conditions as in the 
infinite line occur. 

If the line is loaded to a resistance unequal to the characteristic 
impedance the energy is partially absorbed by the load resistance and is 
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| partially reflected from the load back into the line. In this case two 


waves, i.e. voltage and ‘current waves move along the line: one towards the 
load, the other from the load, the first wave exceeding the second in | 
amplitude. — 

As a result of addition of these two waves the voltage amplitude value 
periodically varies along the line. 

Such a mode of operation is characterized by travelling wave ratio, 
Eroreseod as a relation of the minimum amplitude value to maximum amplitude 
value. The energy absorbed by the load will be greater with a higher 
travelling wave ratio. 

The radio-frequency feeder of the station is a finite line loaded by 
the antenna input resistance which is approximately equal to the feeder 
characteristic impedance. 

The antenna input resistance varies depending upon the frequency but 
the travelling wave ratio within the band of operating waves (10.5 to 11.1 om.) 


in the antenna-feeder system is not less than 0.65. 





In an open or short circuited finite line without loss (or with small 
loss) complete reflection takes place (Fig.46). In this case the amplitude 
of the voltage wave travelling from the generator to the load is equal to 


the amplitude of the wave travelling back over the line towards the generator. 


’ Therefore, their addition produces voltage and current standing waves in the 


line. 

This mode of operation is characterized by sine variation of voltage 
amplitude value and cosine variation of current amplitude value along the — 
line. 

At the end of the short-circuited line the voltage equals zero, the 
current is maximum; ata distance of as from the end of the line the 
ei aze is maximum and the current equals zero. Consequently, the input 


resistance of the quarter-wave short-circuited line which equals tite voltage- 


to-current ratio is infinitely large. 


:  SERBET | .../It follows 
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It follows from this that the. quarter-wave short~circuited line, 

@ connected to the generator, is equivalent to an insulator as regards its 
effect on the fundamental wave length, because the line input resistance 
equals infinity. This property of the quarter~wave short-circuited lines 
is the basis of the action of T-shaped insulators of the antenna feeder 
system. 

At the end of the sus omayave open line the current equals zero while 
the voltage is maximum; at a distance of + from the line end the voltage 
& equals zero and the current is maximum. Consequently, the resistance at 
thé input of the quarter-wave open line equals zero. 
The quarter-wave open line, connected to the generator is equivalent 
by its action on the generator on the fundamental wave length to a short- 
‘circuit since the line input resistance equals as 
This characteristic of the open quarter-wave line is used to produce 

@ a short-circuit between the conductors in rotating joints of the antenna- 
feeder system where difficulty is experienced in establishing a direct 
contact between the conductors. 


@ 4. RADIO-FREQUENCY COAXIAL FEEDER, 
ITS ATTACHMENT AND DESIGN 


The radio-frequency feeder serves to pags powerful electromagnetic 





waves from the magnetron to the antenna and the signals picked up by the 
antenna to the receiver. 

The design and attachment of the sediecpesquendy feeder is shown in 
Fig. 47. . 

Branched off waeaetron 14 is sleeve 11 connected to T-junction 12 of 
a transmitter coupler to which feeder section 1 is attached. The feeder 

@ runs inside the teanemd bven: 
In the centre of the bottom part of the antenna pedestal foundation 


the feeder has azimuth slow rotating joint 26 From the rotating joint the 


| | .../feeder runs | 
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feeder runs through the hollow shaft of the antenna pedestal and at the 
@ right angle goes to avevalicn slow rotating joint 5. 

Fast rotating joint 7 te legated after tilted feeder 6, 

Movable part 9 of the fast rotating joint is placed inside the frame 
of reference voltage generator 8. Further the feeder runs through the 
generator hollow shaft to antenna head 10, ine sondeatos motor and the 
antenna head being on a common shaft and are driven by one electric motor. 

Each section of the radio-frequency feeder is made of two brass tubes, 

@ one tube being placed inside the other (coaxial line). 
. The current-conducting parts of the coaxial line are the inner surface 
of the outer tube (20 mm in diameter) and the outer surface of the inner 
tube (9 mm in diameter). These dimensions are optimum and ensure passing 
of the required power at minimum energy losses in the feeder. 

The electromagnetic energy apuver sa by the coaxial line is enclosed 

& in the space between the inner and outer conductors of the line, therefore 
no radiation loss can take place. 


The inner conductor of the line is fixed in the middle with the aid of 





& quarter-wave short-circuited coaxial line sections. ~ 

_The input impedance of a short-circuited section of a coaxial line is 
infinity if the length of the section equals “2 of the fundamental wave- 
length Ao. If such a section is connected in parallel to the line, it 
will not act as a shunt for the fundamental wavelength, i.e. it will act 
as a good insulator. . 

If the magnetron wavelength is slightly altered, the input impedance of 
the quarter-wave insulator will decrease, the quarter-wave insulator will 
shunt the transmission line, 1 part of the energy will be reflected from 
the junction. 

In order to obtain a stabilized operation of the magnetron, and full 
transmission of energy along the line, the travelling wave ratio in the 


line should be not less than 0.65 for the whole range of the operating 


frequencies of the set (10.5 - 11.1 cm. )« CFRBIT 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 








Declassified in Part - Sanitized Copy Approved for 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 | 








CCPory 
eT te 


As the shunting effect of the insulators appears at the extreme 
wavelengths of the operating frequency range of the set, in the transmission 
line, together with the quarter-wave insulator, use is made of a half-wave 
transformer formed by a section of the internal conductor which has an 
increased diameter (Fig. 48). 

The half-wave transformer serves to compsnsatefor the reflection 
introduced into the line by the quarter-wave insulator at the wavelengths 
which differ from the fundamental. 

The input impedance of the half-wave transformer equals the load 
impedance ‘connected to its output. That is why for the fundamental — 
frequency the half-wave transformer has no influence upon the energy 
transmission along the line. 

Therefore, for the fundamental wavelength neither the insulator, nor 
the transformer introduce any reflections iuto the line. 

If the feeder operates on a wave length below the fundamental one 
(A « AQ) the insulator inserts reflection in the line as its input 
impedance is not infinitely large. In this case the insulation is a 
capacitive load connected to the feeder. 

In this case the half-wave transformer inserts reflection in the line 
as well. Its action is equivalent to that of an inductive load and with 
the half-wave transformer acting on the feeder line, their action is béing. 
compensated mutually and partially.’ 

Similarly compensated are reflections inserted in the line by the 
insulator and transformer on wave lengths above the fundamental one 
(\ Nays In this case the insulator is equivalent to the inductive 
load, while the transformer in the first approximation is equivalent to the 
capacitive load. 

When the diameter of the feaeremes inner conductor is properly 
selected reflections in the line (mismatch) caused by the quarter-wave 
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insulator and half~wave <copeeeiier may be rmatwal Ly compensated for within 
@ the entire operat ing. wave band of. tho. stat cone 
: Besides T-shaped insulators, bend-type insulators (Fig.49) are used in 

the feeder bends of the antenna-feeder system. This insulator consists 
of a short-circuited stub (quarter-wave insulator) 2 and quarter-wave | 
transformer 4. 

The quarter-wave transformer which is essentially a line-section with 
a decreased diameter of the inner conductor, affects the operation of the 

& feeder on the fundamental wave (inserts reflections). To compensate for 

this affect the length of the short-circuited stub is made smaller than 
=o : Such design of the angle provides compensation of reflections 
throughout the entire operating wave band of the station. 

To aeeie the antenna in azimuth and elevation and the antenna head 
without disturbing electrical coupling in whe feeder provision is made for 

@ two slow and one fast rotating seinit | 

The design of the elevation slow rotating joint is. shown in Fig. 50. 

The inner races of ball beanies 1 and 2 aie connected with the outer 
®@ _ conductor of the right-hand part of the feeder by means of nuts 53 the 

ster races placed in body 14 are attached to the outer Sadiceon of the 
left-hand part of the feeder by means of screws 3. The outer conductors 
are centred by ball bearings 1 and 2, while the inner conductors — by pin 6. 

The azimuth slow-rotating joint is similar in design to the elevation 
rotating Aoind and is show in Fig.51. 

Such design of the rotating joints makes possible rotation of one 


feeder part in relation to the other without disturbing their centring. In 





this case no longitudinal displacement of one part with regard to the other 







is possible. 
To provide hermetic sealing the slow-rotating joints are furnished 


with rubber washers 8 and packing collars Te 
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The design of the fast rotating joint is illustrated in Fig.52. 
& Feeder rotating joint 1, located in the inner compartment of the reference 
voltage generator shaft, rotates together with the shaft. The feeder 
fixed section 9 is rigidly coupled 6 the generator frame by means of 
screws 4 and flange 3. 
Hermetic sealing of the fast rotating joint is provided by rubber 
washers 6, 7 and packing collar 5. | 
The inner and outer conductors of the rotating joint and fixed section 


é of the feeder overlap each other with a small constant clearance. Asa 





result the feeders are connected by quarter-wave stubs AB and BC, DE and FE 
(Fig. 52). 

Stub AB is a short-circuited line. Its input resistance, i.e. resistance 
in point B, equals infinity while in point A - zero. 

Stub BC is a quarter-wave line opened at the end (in point B): its” 
| @ input resistance in point C equals zero. 

Stub DE consists of quarter-wave short-circuited line DF and quarter— 
wave open line FE; its input resistance in point E Sain Zero. Zero 

@ resistances in points C and E ensure reliable transmission of energy 
between the rotating joint and fixed section of the feeder. _ 

The broad band of the rotating joints is provided by selecting 
clearances between the current-carrying surfaces of the quarter-wave lines 
opened and closed at the end. | 

An electric circuit of the rotating joints is shown in Fig.54. 

The radio-frequency feeder sections are connected to each other by 
means of connectors whose design is illustrated in Fig.55. 

The end faces of the outer tubes are slightly bevelled so that a 

® reliable contact is obtained when they are connected. Rubber washers 5 
placed between the collars ensure nawnette sealing. The inner conductors 


of the feeder are tightly coupled to each other by means of plug connectors. 
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To prevent oxidation of contact surfaces in places of fixed connectors 
& the current-carrying surfaces of the feeder conductors are covered with a 


film of gold at the ends of each section. 





5. ANTENNA CHANGE-OVER SWITCH 


The antenna change-over switch consists of T-junction 2 and T.R cell 1 
(Fig.55). | 

The T-junction (Fig.56) is an intermediate link connecting the 
magnetron and tie T.R. ceil to the radio-frequency feeder. 

© The magnetron oscillator is connected with arm 3 of the T~junction 

with the aid of sleeve 4 with a ring nut 11 screwed on over this threaded 
part of the magnetron. 

Internal conductor 12 of the coaxial output of the magnetron is 
connected with the transmission line with the aid of spring contact 5. 

e@ _ Connection between the external conductors of the high frequency 

magnetron output 8 and T-junction 9 is made with the aid of contact 4 of 
the quarter-wave line 6 and 7, which acts in the same way as the apraceave 


sections of the rotating joints. Arm 2 of the T-junction is connected to 





© the T.R. cell by coupling loop 10, arm i to the transmission line leading 
ie the antenna. 

The T~junction has an attenuator 13, through which part of the energy, 
required for the operation of the automatic frequency control (AFC), is 
branched off. The attenuator is shaped like a wave-guide section the 
length and diameter of which is chosen to ensure that the high frequency 
energy of the transmitter pulse is sufficiently attenuated before reaching 
the mixer of the AFC. 

The dimensions of arm 3 and of the sleeve (cup) 4 are chosen in such 

@ a way that the input impedance from the side of the junction, with the 
magnetron connected, equals infinity. - 
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There are therefore no reflections within the T-junction, and the 
© pulse enters the T.R. cell without attenuation. The T.R. cell is tuned 
to the magnetron frequency with the aid of bolts 4 (Fig.57), and therefore 
to the frequency of the pulses reflected from the target. 

Inside the T.R. cell is located T-R switch (short-cireuiting valve) 2 
containing a special gas mixture at low pressure. Two copper discs fused 
into the switch (valve) protrude outside the switch in the shape of two 
parallel rings. The switch envelope is made of glass with small dielectric 

@& loss at ultra-high frequencies. 

The copper discs (inside the valve) carry hollow discharge cones, 
whose peaks are separated by a small gap. Inside one of the cones is 
located keep-alive electrode 11. This electrode is supplied through a 
aenpina testes by the modulator bias rectifier with a voltage of about 
~820 V with respect to the earthed cones of the discharger. 

4s a result a glow discharge of 100 to 200 microA is continuously 
maintained between one of the cones and the keep-alive electrode. Due 
to the glow discharge there is always a certain quantity of ionized gas 
& molecules near this cone. The ionized gas between the discharger cones 

facilitates the break down of the spark gap when the magnetron produces 
oscillations. 

Outer detachable half-rings 5 of the T.R. cell resonator fitted on 
copper discs 10 of the discharge valve form a cavity circuit together with 
the valve. 

The T.R. cell cavity eircuit ie coupled to the crystal mixer by means 
of coupling loop 12, while to the T-junction by coupling loop 13. 


The degree of coupling of the cavity resonator with the mixer or 





& T-junction depends upon the loop area and its orientation in relation to 
the resonator axis. 
During reception a variable electromagnetic field is built up in the 


resonator cavity (cavity circuit) tuned to the magnetron frequency and 
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therefore, to the carrier frequency of the echo signal. This field 

& induces the E.M.F. in the mixer coupling loop. 

This is the way electromagnetic energy is transmitted from the Loop 
of the T~junction to that of the mixer, i.e. from the antenna to the 
crystal mixer. The magnitude of the transmitted energy depends upon the 
accuracy with which the cavity circuit is tuned to resonate with the 
magnetron frequency. If the cavity circuit is considerably detuned, 
transmission of electromagnetic energy from one loop to the other becomes 

e@ practically impossible. Therefore the radar detection range is largely 
dependent on the tuning of the cavity circuit and its coupling to the 
receiver mixer. 

The operation of the T.R. cell during reception at frequencies 
approximating the resonant frequency, may be illustrated by an equivalent 
diagram presented in Fig.57, c. 

@ During the magnetron operation the T.R. cell functions differently. 
Part of the transmitter pulse energy is passed through the coupling loop 
to the T.R. cell; in this case a great A.C. voltage is developed between 

© the discharger cones which causes breakdown of the gap between them. Due 
to the breakdown the T.R. cell cavity circuit is detuned and as a result 
the gonaitaons of energy transmission from the coupling loop of the T-junction 
to that of the mixer are impaired. However part of the energy penetrates 
to the receiver and the tube screens of the range and plan-position indicator 
display a direct pulse marker. 
Do neutralize the T.R. cell affect on energy transmission towards 
the antenna the length of the arm connecting the T.R. cell to the radio- 
frequency fesder should ensure the infinity of the arm input resistance on 
@ the T-junction side with the detuned T.R. cell connected to it. 
| The gap between the cones is broken down at the instant the magnetron 


begins to generate and the discharge continues as long as there is generation. 


SEPOET: .../After the 
CF GREL 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


= ere 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 - CIA-RDP80T00246A031400010001-1 
- 3- 


After the magnetron has stopped operating the discharge between the cones 


& ceases and the cavity circuit is returned to its initial resonance state. 
6. ANTENNA 


The antenna is semaued of a parabolic reflector and an antenna head. 
The parabolic reflector is a rigid metal structure. The paraboloid 
reflecting surface 3 perforated to decrease its weight and wind resistance 
‘without a noticeable change in rigidity and reflecting power. ‘he diameter 
of the reflector is 1.5 m-, and the focal distance is 0.441 m. 

) The parabolic reflector is oriented with regard to the reference 
voltage generator in such a manner that its geometrical axis coincides with 
the axis of tue antenna head rotation. 

The antenna head (Fig.58) consists of half-wave asymmetrical dipole 1, 

| reflecting disc 2, quarter-wave transformer 7 and quarter-wave bazooka 8. 

One half of the dipole is attached to the outer conductor of the feeder, the 

® other half to the inner conductor and vaudes. through a hole cut in the outer 
conductor. 
| The reflecting disc is a brass disc fixed to protruding part 11 of the 

@ antenna head feeder. The feeder protruding part is a short-circuited 

‘stub and serves to secure the inner conductor of the antenna feeder. 

The dipole, quarter-wave bazooka and reflecting disc are placed in 
polistyrene housing 6, which is required to make the antenna feeder 
hermetically sealed. 

To blow the antenna head with dry air provision is made in the 
protruding part of the inner conductor for hole 5 which during operation is 
closed with cap 3. 

The dipole intended for radiating the parabolic reflector is connected 

& asymmetrically to the radio-frequency feeder. One rod of the dipole is 


directly connected to the current-carrying surface of the feeder conductor. 





The other rod is connected to the current-carrying surface of the feeder 






second conductor through the edges of the hole in the tubular conductor 
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and through the tubular conductor outer surface elements located near the 
@ hole. 
| Asymmetrical excitation of the dipole results in asymmetrical (in 
relation to the axis of the head rotation) distribution of electromagnetic 
energy radiated by the dipole, thus, the dipole centre of radiation being 
displaced in relation to the axis of rotation towards the rod connected to 


the outer conductor. 





That part of radiated energy which falls on the reflecting disc is 

















@ dinected towards the parabolic reflector. The parabolic reflector 
concentrates it into a narrow beam and directs it into space. Thus, more 
high gain facior of the antenna in the direction of the axis of the radiation 
pattern is obtained. Due to leakage of electromagnetic energy through 
the hole in the outer conductor and due to direct connection of the 
conductor external surface to one of the dipole rods high-frequency currents 

@ are developed on the outer conductor external surface. These currents may 
travel over the outer conductor towards the parabolic reflector and distort 
the radiation pattern. | 

& . To keep these currents out of the parabolic reflector a quarter~wave 
bazooka with an input resistance equal to infinity is fitted over the outer 
surface of the feeder. 

The parabolic reflector concentrates the energy radiated by the antenna 
head into a beam, whose axis is tilted with respect to ‘the reflector axis, 
because the antenna head centre of radiation is slightly displaced from 
the reflector axis. 

When the ‘entenne head is rotated the position of the beam in space 
changes and its axis traces a cone surface. The radiation intensity is 

@ maximum in the direction of the beam axis and decreases away from the axis. 

The radiation intensity in various directions is characterized by 


the radiation pattern shown in Fig.59. 
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It should be noted that at small elevations of the parabolic reflector 
@ with regard to the earth's surface, a considerable part of the energy 
radiated by the antenna strikes against the earth surface, which is rather 
a good reflector for ultra-short radio waves. 
As a result of the imposition (interference) of radio waves radiated 
into space direct from the antenna’ and reflected from the earth's surface 
the antenna radiation pattern sharply changes, and breaks (in vertical 


plane) into a number of lobes. 





@ Consequently, with the angles between the target direction and earth 

















surface level below 1-00 the accuracy of the target tracking in angular 
coordinates decreases and at a certain value of the angle the automatic 
target tracking is out of the question. 

The input resistance of the antenna is matched with the output 
resistance of the radio-frequency feeder by means of quarter-wave transformer 


@ 7 (Pig. 58) designed as a boss of the feeder inner conductor. 





It should be borne in mind that matching of the antenna with the feeder 
and inclination of the radiation pattern axis with respect to the geometrical 
axis of the reflector are largely dependent upon the distance between the 
dipole and quarter-wave bazooka 8, upon the distance between the dipole and 
the reflecting disc as well as upon the length of the short~circuited stub 
in protruding part 11 of the feeder. Therefore, any arbitrary alterations 
in dimensions and mutual location of separate elements of the antenna head 
are not allowed. 

The input resistance of the antenna, dependent upon the position of - 
the quarter-wave bazooka and reflecting disc with regard to the reflector 
as well as upon the length of the short-circuited stub, changes with the 
alteration in frequency. This results in decrease of the TWR of the 
antenna-feeder system. 

The length of the short-circuited stub, the distance from the dipole 


to the quarter-wave bazooka and reflecting disc should ensure variation 
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of the antenna input resistance (with the change of frequency) within the 
range providing the TWR is not below 0.65. At the same time the deflection 


angle of the beam axis in respect of the reflector axis is about 0-23. 


Chapter 4 
RECEIVING SYSTEM 


4. GENERAL 


The receiving system serves to convert and amplify the target echo 
Signals picked up by the antenna to a magnitude required for normal 
observation of these echo markers on the screens of the range and plan- 
position indicators as well as for operation of the automatic range finder 
units and the antenna positioning system. 

The receiving system consists of a signal mixer, an automatic 
frequency control (AFC) mixer, and three units: an intermediate-frequency 
preamplifier, an automatic tracking channel amplifier and a range channel 
amplifier. 

Both mixers are coupled with the elements of the antenna-feeder system. 
The intermediate-frequency preamplifier unit is located in the transmitter 
cabinet, whereas the remaining units — in the cabinet of the main control 
board. c 

The receiving system utilizes a superheterodyne circuit. To maintain 
constancy of differential frequency of the local oscillator and the 
magnetron in the course of operation the receiving system is provided with 


automatic frequency control (AFC). 
2. BLOCK~DIAGRAM 


Electromagnetic pulses of ultra-high frequency (2700 to 2860 Mc/sec.) 
returned from the target as echoes are picked up by the antenna and 


conducted through the antenna feeder and T.R. cell to the signal mixer 


SECRET | ,../(Fig.61). 
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(Fig.61). The mixer is also supplied by the microwave T6cAd Gnotdatos 
@ with voltage of sustained oscillations having a frequency which differs 
from the picked—up by the value of the intermediate frequency of 30 Uc/ Sec. 
These two frequencies are heterodyned within the mixer to produce I.F. 
voltage. This voltage, amplified by three stages (V22-8, V22-9, ¥22-10) 
of the preamplifier located in the I.F. preamplifier unit, is applied to 
the automatic tracking channel amplifier unit through the radio-frequency 
cable. | . 
@ The signal is furnished to the AFC mixer from the transmitter through 
| a cut-off attenuator which ensures the required pulse attenuation. The 
AFC mixer is aiso supplied by the microwave local oscillator (V22-22) with 
voltage of sustained oscillations having a frequency differing from the 


frequency of the echo oscillations by the value of the intermediate 





frequency of 30 Me/ sec. These two frequencies are heterodyned within the 

e mixer to produce I.F. voltage of 30 Mo/ SeCe The AFC mixer output is 
applied to the L.F.A. neat of the AFC channel, amplified by three I.F.A. 
stages (V22+1, V22-2, V22-3) and is furnished to the discriminator 

@ (frequency-sensitive detector V22-4). The discriminator produces a voltage 

whose value is proportional to the deviation of intermediate frequency of 
30 Me/ sec from the rated, while the voltage polarity depends upon the sign 
of drift ee intermediate frequency in relation to its rated value of 30 Mo/sec. 
This voltage amplified by the pulse amplifier (V22-5) acts on the control 
circuit formed by diode V22-6 and a saw-tooth oscillator — a phantastron 
(V22~7).« The output voltage of the control circuit controls the frequency 
of the klystron oscillator so that voltage of the rated intermediate 
frequency of 30 Mc/sec is obtained at the output of the signal mixer. 

ry The I.F. preamplifier unit accommodates a local oscillator (V22-22) 
with stabilized rectifier -250 V (V22-14 to V22-18) and -255 V, V22-19 to 


V22-21), and a +150 V rectifier (v22~11) supplying the stages of the I.F. 





preamplifier and some stages of the AFC channel. 
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In the automatic tracking channel the I.F. signal is amplified by four 
I.F.A stages (V1-1, V1-2, Vi-3, V1~4) which are the fourth, fifth, sixth and 
seventh stage of the I.F.A. of the receiving system. After the fourth 
(seventh) stage the signal travels along the two channels: automatic 
tracking and range channels. 

The automatic tracking channel is triggered only when the very narrow 
gate of 0.3 microseconds duration furnished from the range unit is acting 
on the fifth (eighth) intermediate-frequency amplifier stage. Therefore, 
the automatic tracking channel passes only those pulses which are 
synchronized with the very narrow gate. The signal in the automatic 
tracking channel is amplified by two I.F.A. stages (V1-5, Vi-6) detected by 
the diode detector (V1-7) and amplified by two video amplifier stages 
(v1-8, V1-9). From the output of the video amplifier (V1-9) the amplified 
negative pulses are applied to the automatic gain Seabee <cuveatt and to the 
autometio treating and automatic range finder units. 

The automatic gain control (AGC) circuit is designed to maintain a 
constant amplitude of the signal at the output of the receiving system. 

This is required for proper operation of the antenna positioning system. 

If the input signal is largely varied, the output voltage of the AGC circuit 
changes the bias voltage on the control grids of the first (fourth) and 
second (fifth) I.F.A. stages (V1-1, V1-2) in such a way that the level of 


the receiving system output remains approximately constant. 


‘Apart from the above stages, the amplifier unit of the automatic tracking 


channel accommodates one I.F.A. stage of the range channel (V1-11) whose 
output signal is furnished' to the input of the range’ channel amplifier unit, 
and a stabilized voltage rectifier, +120 V, (V1i-12 = ¥1-15) to supply some 
valves of the I.F. amplifier (V1-1 to V1-5, V1-11). 

In the range channel amplifier unit the signal is amplified by an 


I.F.A. stage (V2-1), detected by the diode detector (v2-2), amplified by 
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three video amplifier stages (V2-3, V2-4, V2—5) and is conducted to the | | 
range indicator unit, plan-position indicator unit and automatic range 
finder unit. 
. The range channel amplifier unit Sudina rectifiers for +300 V 
(V2-7, V2~8) and for -105 V (V2-9) which are used to supply ae valves of 


the given unit and of the amplifier unit in the automatic tracking channel. 
3. SIGNAL AND AFC MIXERS 


The signal mixer (Fig.61) is en between the T.R. cell and the 
microwave local oscillator and is rigidly coupled with the T.R. cell by 
means of plate 11 secured with screws. 

The signal mixer includes: cartridge 1 with a germanium mixer diode | 
(type DG-S1 ) inserted into coaxial line 2 which is connected to the T.R. 
cell by Sake OL. fetes eh eh (one whole page missing) - | 


To obtain the required sensitivity of the receiving system it is 


current-voltage characteristic of the crystal diode, since in this case the 





required conversion factor is provided. 
The position of the operating point is determined by optimum value 
of the crystal diode current which in turn is determined by the power 
applied from the oscillator (as the signal power is very small and practicaily 
does not affect the crystal current). 

, The crystal diode current should be selected at minimum coupling with 
the oscillator and at maximum matching of the oscillator with the mixer. 
Minimum coupling with the oscillator is achieved by lifting up capacitive 
disc 7 when adjusting screw 5 is rotated counter-clockwise. The oscillator 
is matched with the mixer by selecting a definite length of the wonteetiny 
line with the help of trombone 4. 

Thus by selecting the above values the oscillator may be caused to 


produce maximum power output at sufficiently weak coupling with the mixer / 
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and at the required current of the crystal diode (optimum current value is 
within the range of 0.2 to 0.6 mA). This results in reduction of the signal 
energy loss in the oscillator circuit. Besides, minimum noise voltage 
from the oscillator penétrates into the mixer. 
The AFC mixer (Fig.62) is screwed on the cut-off attenuator which is 


rigidly coupled with the T-junction of the feeder line by means of a nut 7. 





The mixer includes: cartridge 1 with a crystal diode of the DG-S1 type, 


placed in coaxial line 2, which is coupled to the cut-off attenuator with 


the aid of coupling loop 33 50-ohm washer 4 used to match the mixer with 
the microwave oscillator; coupling adjusting screw 5; output connector 6 
which accommodates a R.F. filter. . 

The AFC mixer is similar in the operating principle to the signal mixer. | 

Coaxial line 2 is provided with a nut 7 by means of which the mixer is 
Hered along the cut-off attenuator. | | 

The cut-off attenuator comprises a section of a cylindrical waveguide 
navina great attenuation for the transmitter frequency band. The value of 
the transmitter signal attenuation is proportional to the waveguide length. 

The signal value required for the normal operation of the AFC channel 
is selected by shifting the mixer so as to achieve the most advantageous 
position of the coupling loop in the attenuator. 

The matching of the coupling line of the mixer with the oscillator by 
means of the 50-ohm washer makes it possible to obtain the crystal diode 
current of not less than 0.2 mA in the operating frequency band of the 
station, which is enough for the mixer normal operation. The AFC mixer 
should not be highly sensitive, as the value of the signal applied to the 
mixer can be regulated by varying the position of the mixer coupling loop 
in the cut-off attenuator. 

The cut-off attenuator (Fig.63) is Asatanes as a cylindrical tube 
(waveguide) soldered at an angle of 30° to the coaxial feeder. 
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4. INTERMEDIATE-FREQUENCY PREAMPLIFIER (I.F.P.) UNIT 


The I.F.P. unit is located in the transmitter cabinet. © The unit 





chassis carries a microwave oscillator with a supply neokerien; an I.F. 
preamplifier and elements of the AFC channel. 

A key diagram of the LF, preamplifier unit is shown in Fig.64 (see 
Album). The front panéi of the unit is presented in Fig.65, while its 


top view - in Fig.66._ 


Microwave Oscillator 
The microwave (klystron) oscillator serves to produce radio-frequency 
sustained oscillations having a frequency differing from that of the 
magnetron »y the value of the intermediate frequency of 30 Mo/ sec within - 
the operating frequency band of the transmitter (2700 to 2860 Mc/sec.). 


The radio-frequency oscillator connected as a microwave oscillator 


‘(Figs 67, 68) consists of a special valve, called klystron, and « cavity 


circuit (resonator). 

The circuit is formed by part of the cavity enclosed between the grids 
inside the klystron and metal body 4 of the cavity circuit, in which the 
klystron is encased. | 

_ The klystron, type K-11, used in the station consists of a heated 
cathode, a control (accelerating) grid, ies resonator grids and a repeller. 

The klystron control grid connected with the resonator grids and the 
cavity circuit is supplied from the stabilizer output with a positive 
(with respect to the klystron cathode) voltage of +250 V. The fees is 
fed with a negative (with respect to the cathode) voltage adjustable from 
-40 to ~-170 V. 

The klystron suieons ae follows: ~ 

Electrons emitted from the cathode are accelerated by the positive 
potential on the control grid until they enter the space in the cavity of 


the central part of the resonator (cavity circuit). After that they pass 
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between the two seanatee grids. A variable electric field of radio- 

@ frequency oscillations set up in the cavity circuit at the instant when the 
klystron is switched on or due to fluctuation of the electron flux density, 
accelerates the electrons for one half-cycle and retards them for the 
second half-cycle. 

In connection with it some electrons travel into the space between 
the resonator grids and the repeller with increased velocity vit %y while 
others with decreased velocity Vir Nyse 
@ The electrons that pass between the Pestuator grids at the instant 
when the variable field is zero travel into the space between the grids and 
the repeller with the same velocity oe which have all the electrons 
approaching the resonator grids. 

Thus, after passing the resonator grids the electrons in the beam 
appear to be velocity-modulated. In the space between the resonator grids 
and the repeller the electrons are acted on by the field of the repeller 
electrode charged negatively and tending to return the electrons back to 

_the resonator grids. The electrons with different velocities have 
@ different trajectories in the drift space. The electrons with higher 
velocities approach the repeller closer than those with lower speeds. At 
a definite relationship of voltages across the klystron grids and the 
repeller, the electrons with both higher and lower velocities return to 
the resonator grids simultaneously (Fig.69). Thus, velocity modulation 
of the electron flow converts into density modulation. 
Separate bunches of electrons formed as a result, while returning to 
the grids of the resonator give up part of previously stored energy to it. 
This occurs during the half-cycle of oscillations when the resonator 
| & electric field retards the motion of electrons towards the cathode. 
From this it can be seen that giiptathed oscillations in the klystron 


may be excited at definite matching of the transit time from the resonator 
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erids to the repeller and backwards with a cycle of the resonator self- 
@ oscillations. 

At the assigned oscillation frequency of the resonator this matching 
is achieved due to the change of potential on the klystron repeller. 

The oscillator frequen¢y depends upon the dimensions of the cavity 
circuit (resonator). The change ‘ts the circuit cavity is obtained by the 
aid of four threaded plugs 8 (Fig.68) hate the resonator. By these plugs 
the oscillator is tuned to the required frequency and the frequency is 

@ adjusted when the magnetron is replaced. . 

The fifth plug (11) is coupled to knob 9 which core out to the 
front panel of the unit and is marked KLYSTRON FREQUENCY. By means of this 
plug the oscillator wavelength is regulated at any section of its operating | 
band within the range of not less than 0.2 cm. 

The cavity circuit of the klystron incorporates three coupling loops. 

@ Two of them are used to conduct the radio-frequency power through coaxial 
cables to the crystal signal and AFC mixers. The third loop is connected 
through the coaxial cable to the connector located on the front panel and 

& marked CONTROL CONNECTOR. The connector is coupled to the echo box by 
means of which the oscillator frequency is measured. 

Presence of current in the circuit of mixers is determined by instrument 
Pp22—1 (CRYSTAL CURRENTS) situated on the front panel of the I.F. pre- 
amplifier unit (Fig.65). To measure the crystal currents of the signal 
and AFC mixers the instrument is switched over by means of selector switch 9 
marked CRYSTAL CURRENTS (W22-3). Maximum power is taken from the klystron 
when the coupling loop is located in the vertical plane. 

Sustained oscillations may be maintained in the klystron at several 

@ different voltages impressed on the repeller. 

. The klystron, type K-11, employed in the station has within the 


operating band two or three regions of generation to which correspond the 
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following potentials on the repeller (relative to the cathode): 
& first region from -20 to -—40 V3 
second region from —50 to -140 V3 
third region from -170 to ~250 V. 
The value of maximum power produced by the klystron, and the range of 
electronic tuning change depending upon a region of generation (Fig.70, eS b). 
For ive aon: type K-11, the second region of oscillations is the 
most stable. It has higher power and wider range of electronic tuning as 
@ compared with the first and third regions. Therefore, the range of . 
voltage regulation on the repeller is selected (from -A0 to ~170 V relative 
to the cathode, so as to excite oscillations of the second region, the 
first and third regions being used partially. 
To achieve high stability of the frequency of oscillations the repeller 
and the resonator of the klystron are fed with stabilized voltages. 
® Voltage is applied to the klystron repeller through a divider formed 
by resistors R22-58 and R22-60 which are connected to the sliders of 
potentiometers R22-56 (REPELLER VOLTAGE) and R22-59 (ZONE SELECTION). 
@ These potentiometers are in parallel with stabilovolts V22-20 and V22-21 
which stabilize the voltage from a ~255 V rectifier employing valve V22-19 
(5048). 

The klystron resonator is fed with a stabilized voltage of +250 V 
(relative to the cathode) from an electronic regulator utilizing valves 
V22~16, V22-17 and V22-18 (Fig.71). 

The input of the electronic regulator is fed with voltage from the 
rectifier using valve V22-14 (5C4S). The mids of the regulator is earthed 
whereas the minus is connected with the klystron cathode. Valve V22-16 
(6P3S) is an automatically controlled variable resistor placed in series 


with the load circuit of the regulator. Valve V22-18 (6Z8) controls valve 





the peau lenrs cole Mt from the slider of potentiometer R22~50 
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RESONATOR VOLTAGE SETTING placed in the circuit of a divider formed by resistors 
R22-49, R22~—50, R22-51. This divider is connected in parallel with the load. 

If, for some reason, the output voltage increases, the potential on 
the grid of valve V22-18 rises with resultant rise of the plate current of 
valve v22-18 and increase of the voltage drop across resistor R22-45. 

The plate Gatads of this valve decreases. The voltage on the control 
avid of valve V22-16 decreases, since it is connected through resistor 
R22-46 with the plate of the control valve. This lends to an increase of 
differential resistance of valve V22~16 and to an increase of the soln 
oe across it, and consequently 46 redistribution of the voltage applied 
from the rectirsier between valve v22-16 and the load. In this case the 
voltage across the load decreases to the rated value. 

If the output voltage decreases an opposite process takes place. 

The cathode of control valve v22-18 has a constant potential of +150 V 
due to voltage drop across regulator V22-17 (5C48). This has been doné 
to ensure more complete transmission of changes in the output voltage to 
the grid of the control vas and simultaneously to ensure normal bias on 
its grid (otherwise the grid would be under high positive potential 
relative to the cathode). 

Capacitor C22-44 is designed to raise the efficiency of the regulator 
circuit with regard to quick fluctuations of the regulator output woitase: 
caused by a quick change in load current or output voltage. At changes 
with a frequency in the region of dozens of cycles per second or more, 
capacitor C22—44 has a low resistance as compared with the resistance of 
the upper arm of the divider formed by resistors R22-49, R22-50, R22-51. 
As a result, the A.C. components of the output voltage are almost entirely 
applied to the control grid of valve V22-18. 

The regulator output voltage can be adjusted by shifting the slider 
of potentiometer 222-50. The shaft of potentiometer R22-50 is brought 
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out to the front panel and is marked RESONATOR VOLTAGE SETTING (Fig.66). 


& By rotating this shaft, the voltage on the cathode-resonator section of 





the klystron, measured between monitoring jack G22-2 (-250 V) and the 
chassis, is set equal to -250 V. 

The receiving system can function in two modes of operation: automatic 
frequency control and manual frequency control. The desired mode is 
szlected by means of switch W22-4 whose knob is brought out to the front 
panel of the I.F. preamplifier unit aaa is marked MANUAL - AFC (8, Fig.65). 
@ When the station is operating, the ‘mob should be set in position AFC, 

since in the course of operation, especially immediately after the start, 
the frequency of the klystron and magnetron may greatly change which would 
necessitate frequent adjustment of the klystron. 

The negative voltage on the klystron repeller at anal frequency 
Senteel (Pig. 72) is determined by the positiond of potentiometers R22—56 

@ _ (REPELLER VOLTAGE) and R22-59 (ZONE SELECTION). 

During AFC mode of operation the slider of potentiometer R22-56 
(REPELLER VOLTAGE) is disconnected from the klystron repeller, and a plate 

© load circuit of the saw-tooth oscillator valve (V22-7) is connected to it. 

In this case the voltage on the repeller is determined by the voltages of 
potentiometer R22-59 (ZONE SELECTION) and the saw-tocth oscillator. 

Presence of two potentiometers R22~56 (REPELLER VOLTAGE) and R22-59 
(ZONE SELECTION) adjusting the voltage on the repeller makes it possible 
to carry out initial tuning of the seiaa ates (at manual frequency control) 
by means of both potentiometers so that during automatic frequency control 
saw-tooth voltage will be located symmetrically relative to the region of 
the klystron frequency. 

@ The unit supply circuits are energized by two switches W22-1 (HEATER) 
and W22-2 (PLATE) situated on the front panel of the unit (10 and 11, Fig.65). 
When turning on. switch W22-1 a neon lamp, +150 V (N22-13) comes ons when 
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turning on switch W22-2 a neon lamp, +250 V (N22-15) comes on. Both lamps 


@ "are located on the front panel of the unit. 


‘ 


Intermediate—Frequency Preamplifier 
The I.F. preamplifier serves to amplify the echo signal voltage. The 
value of amplification terseleeted in such a way that loss in the long 
junction cable through which the signal is conducted to the amplifier 
oi the automatic tracking channel will not reduce the receiving syatem 
soneitivity: 
@ The input of the I.F. preamplirier is very close to the crystal mixer. 


This excludes the possibility of appreciable weakening of the signal in 





the junction cable between the mixer and I.F. preamplifier and consequently, 
decrease of the signal-to-noise ratio at the input of the receiving system. 
The I.F. voreamplifier is comprised of three stages. The first two 
stages utilize 6Z1P valves (v22-8, V22~9) in a circuit: earthed cathode- 
earthed grid (Fig.65). The use of this circuit is due to the fact that it 
has a very low noise factor and gives relatively high amplification and 
stability in operation: 
@ The third stage (V22-10) employs a valve of the 624 type with an 
oscillatory circuit placed in the plate circuit. 

From the crystai mixer output the intermediate-frequency signal is 
conducted through the cable to the input circuit of the first I.F. 
preamplifier stage. 

The two circuits of the first stage input circuit :aise the output 
admittance of the crystal uasean to a value ensuring optimum signal-to-noise 
ratio on the grid of valve V22-8. 

The primary circuit is formed by parallel-connected (for high-frequency) 

@ inductors L22-6, L22-9 and the capacitancs of the mixer and cable connector 
coupling the input of the I.F. preamplifier to the mixer. Inductors 


L22-6 and L22-9 are wound on resistor R22~-27 and R22-30 which do not impair 
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the circuit quality factor noticeably, since the primary circuit quality 
factor is low due to shunting action of the crystal output resistance which 
is rather small (approx. 300 ohms). 

Connected in series with inductor L22-6 are inductors 122-1, L22-8 
wound on resistor R22-28, R22-29. These inductors together with capacitors 
Ce2-23, C22-24 constitute a radio-frequency filter in the crystal current 
circuit. 

To measure D.C. component of the crystal mixer current use is made of 


milliammeter Pp22-1 placed in the current circuit between inductor L22-8 





and earth. With switch W22-3 set in position AFC the instrument reads the 


value of the Ai'C mixer current, whereas with the switch in position SIGNAL, 


the value of the signal mixer current. The current value is determined 
get power conducted from the oscillator to the crystal. 

Capacitor C22—25 separates the control grid circuit of the valve from 
the D.C. circuit of the crystal mixer. 

The primary circuit of the I.F. preamplifier input is tuned to resonate 
with the intermediate frequency. The secondary circuit is formed by the 
input capacitance of ee V22-8 (6Z1P) and inductor L22-103 the load from 
which the signal is applied to the valve grid is the input capacitance of 
valve V22-8. The circuit is tuned to the intermediate frequency by 
changing inductance of coil L22-10 with the help of a pase ring which is : 
inserted into the coil. The ring is isolated from the chassis. 

The arate load of the first stage valve (V22-8) is an oscillatory 
circuit consisting of inductor L22-11, the output capacitance of valve 
V22-8, the input capacitance of valve V22-9 and the capacitance of the wiring. 

Inductor L22-12 neutralizes plate - grid capacitance of valve V22-8 
thereby slightly improving the noise factor of the system and increasing 
the stability of the first stage operation. 

Inductor L22-12 and the plate —- Beldi e Seated of valve V22-8 


constitute a parallel oscillatory circuit. The circuit is tuned to the 
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intermediate frequency by changing inductance of coil L22-12 with the 
@ help of an insulated brass ring. 
Resistor R22-23 serves to obtain automatic bias on the grid of valve 
Gere 
Capacitor C22~29 is a blocking type capacitor for intermediate frequenoy+ 
D.C. component of the plate current of the second: stage valve V22-9 based 
. cn an earthed grid circuit passes through resistor R22-33 and inductors 
L22=12, L22-10, L22-9. The plate load of the ‘second stage is a circuit 
@ formed by inductor L22-13, the outnut capacitance of valve V22-10 the input 
| capacitance of valve V22-9, and the capacitance of the wiring. The 
circuit is tuned to the intermediate frequenc,; by changing inductance of 
coil L22-13 with the aid of a movable brass core. 

Resistor R22-35 is leak for the control grid of valve V22-10. The 
value of this resistor shunting the circuit determines in the main the pass 
band and amplification factor of the I.F. preamplifier. 

The I.F. voltage taken off the circuit is applied through gavaattes 
C22~32 to the grid of the third stage valve V22-10 (6Z4). The equivalent 
& circuit of the stage is presented in Fig.73. 

The plate load of the third stage of the I.F. preamplifier is a . 
parallel oscillatory circuit formed by inductor L22-14, the output | 
capacitance of valve V22-10 and the capacitance of the wiring. Placed in 
series with this circuit is resistor R22-38 whose value is equal to the 
characteristic impedance of the cable connecting the output of the IF. 
preamplifier with the input of the automatic tracking channel amplifier. 

To make the circuit tuning independent of the length of the cable 
(its capacitance) and to keep losses at sino during signal transmission 

@ the input resistance of the cable ‘is made resistive. The cable is loaded 
by resistor Ri-1 (75 ohms), Buineekee at the input of the amplifier unit 
of the automatic tracking channel, whose value is equal to the characteristic. 


impedance of the cable bonbles type RK-3, is used). 


_ SEP DET ee »/At such 





Declassified in Part - Sanitized Copy ened for reoey 2013/09/19 : CIA-RDP80T00246A031400010001-1 








pe 








| Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA- RDP80T00246A031400010001- 1 = 





CrAnr oak. 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


i GOs 


At such a low input resistance of the junction cable it is better to 
place this resistance in series with the circuit as at parallel connection 
ie eisutt resistance proves to be inadmissibly reduced and the amplification 
factor of the I.F. preamplifier output stage is low. | 

The I.F. preamplifier valves are supplied from the +150 V rectifier 
located on the same chassis. 

The rectifier is composed of valve V22~11 (5C4S) and transformer 
Tr22-3 (Pig.64). Choke Dl22~1 and sacha seus C22-36, C22-37 constitute 
a filter. Resistor R22-62 and capacitor C22-46 comprise an additional 
filter in the circuit supplying the plates of the AFC channel valves. The 
rectified voltage is stabilized by stabilovolt v22-12 (SG4S) with resistor 
R22-40. | 

The stabilized eeiags of +150 V is applied to the grids of the I.F. 
preamplifier valves. The presence of the rectified voltage is checked by 
means of indicating neon lamp MN-3 (V22-13) located on the front panel 


(+150 V). 


Automatic Frequency Control (AFC) Channel 


When the station is functioning the magnetron and klystron frequencies 
may largely vary due to changes in temperature, humidity, supply eaiasey 
antenna rotation and a number of other factors. In this case the difference 
frequency deviates from the rated intermediate frequency and normal 
reception may be disturbed. 

The AFC channel provides such trimming of the oscillator frequency 


at which the difference between the frequencies of the klystron and magnetron 





is kept approximately equal to the rated intermediate frequency of the 
naceivine system. 

The station employs an AFC search circuit. The AFC channel includes: 
an AFC mixer, I.F. amplifier stages, a discriminator, a pulse amplifier and 
a control circuit consisting of a saw-tooth oscillator (phantastron) and 


a diode. i 
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In the AFC channel, use is made of the signal directly furnished 
@ from the transmitter to the receiver (main pulse). 
The signal is conducted to the AFC mixer through the cut-off attenuator 
of the waveguide type. ‘The attenuator damping value is taken very large 


so as to reduce the main pulse power apylied to the crystal to 1 - 2 mV. 





The microwave gcutieier output is applied to the mixer through the 
coaxial cable. After leaving the mixer the signal is conducted through 
a section of the coaxial cable to ths primary winding of taped transformer 
& Tr22-1. Connected in series with the transformer primary winding is a 
RoF. filter in the measuring circuit of the crystal current D.C. component. 
The filter is formed by inductors L22-1, L22-2, wound on resistors R22~2, 
R22-3 and capacitors 022-1, (22-2. 
The primary winding of transformer Tr22~1 with the capacitance of the 
wiring, the capacitance of connectors and the capacitance of the junction 
& cable constitute a papeiist oscillatory circuit tuned in resonance with 
the S eaemedete frequency of 30 ‘Me/seo. | | 
When measuring D. Me component: of the ery Stet mixer current (switch 
@ W22-3 in position AFQ an instrument, type Pp22-1, (CRYSTAL CURRENTS) is 
placed in the current circuit between inductor L22~2 and earth. — The 
crystal current D.C. component is shorted ees resistor R22-61 (100 ohms) 
equal to the internal resistance of the instrument. 

The secondary. winding of transformer Tr22-1 together with the input 
capacitance of valve V22-1 and the capacitance of the wiring constitute an. 
oscillatory circuit tuned to the intermediate frequency by means of semi-~ 
variable capacitor C22-3. 

To widen the pass band the secondary winding of the transformer is 
@ shunted by resistor R22-1 (300 ohms). 
| . Transformer Tr22-1 is designed so that its primary winding may be moved 


| | relative to the secondary winding. By moving the primary winding it is 
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possible to vary the winding coupling factor and consequently the amplification 
@ factor of the AFC channel. | 

The use of a double input circuit with transformer eenpides between 
the circuits reduces the influence of variation of the crystal mixer out- 
put resistance on the input of the Pepak yale of the I.F. aupliriers 

From this circuit the I.F. voltage is applied to the control grid of 
valve V22-1 of the first stage. The first and second stages of the I.F. 
amplifier (V22-1, V22-2) are based on resonance amplifier circuits using 

@ pentodes 624 with oscillatory circvits in the plate circuits. 

The oscillatory circuits are formed by inductors L22~3, L22-4, the 

capacitance of the wiring, aiisat and input capacitances of the valves. 
| The circuits are shunted by resistors R22-6 and R22~9 (510 ohms) which 

determine the pass band and the amplification factor of the LF. amplifier 
channel. 

@ Placed in the cathode circuit of the first stage valve (v22-1) is 
variable resistor R22-63 ited 1 kilohm. This resistor controls the 
channel amplification at intermediate frequency, its slotted shaft is 

@ brought out %o chassis top and marked AFC AMPLIFICATION. Resistor R22-63 
is included in the circuit of a divider formed by resistors R22-63 and 
R22-64. 
Resistors R22-4, R22-7, R22-10 Beige to develop automatic bias voltages 
on the control grids of the valves of the first, second and third I.F. 
amplifier stages due to the cathode current of the valves. 
Connected into the plate circuit of the third stage valve (V22-3) is 
the primary winding of the transformer (Tr22-2) circuit of the dsoatit anton 
(v22-4). The secondary winding of he transformer circuit is opened 
e (with its ends) to the Siwtes of the valve (6H6S) of the discriminator 
| (Fig. 74) producing output pulses whose polarity and value are determined by 


the magnitude and sign of detuning of the intermediate frequency relative 
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to its rated value. The discriminator differently reacts to the signals 
& whose frequencies are higher or lower than the rated. | 

The discriminator primary circuit is formed by casa ies C22-12, the 
output capacitance of the valve, the capacitance of the wiring and the 
primary winding of transformer Tr22-23; the secondary cireuit - by capacitor 
C22-14 and the secondary winding of transformer Tr22-2. 

The primary and secondary circuits of the discriminator are tuned 
‘to the intermediate frequency of 30 Mc/sec. As the coupling between 

& the circuits is waste the resonant ipacheaeese of the circuits are determined 
in the main by their own parameters. 

The quality factor of the primary circuit is low, therefore within a 
certain range near the intermediate frequency, the dependence of voltage Ey 
across the circuit upon the frequency is negligible. 

Voltage B across the secondary circuit is also relatively constant 

® in value within this frequency band and is in phase with BE, 7 
Current I, is induced in the secondary oscillatory circuit which 


2 


develops a voltage across the secondary winding of transformer Tr22-2: 


BE, = IX, , 
S 2 21,’ 
where Ky is inductive resistance of the secondary winding. 
2 


The value and phase of voltage E vary with the change of the 


2 
frequency, since the character of the. circuit impedance depends upon the 
Prsaiehoy. | 

Each diode of the discriminator valve is fed with A.C. voltage equal 
to the geometrical sum of oscillatory ‘voltage E, across the primary circuit 
and a half of voltage Ey 


Vector diagrams of voltages in the discriminator circuits are shown in 


@ Fig.74, where 


developed across the coil of the secondary winding. 
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The secondary circuit is tuned to the intermediate frequency of 30 Me/ SCC, 
& therefore at the input. voltage of a frequency of 30 Mc/sec equal to the 


intermediate frequency voltages BE, and Eas as seen from the vector diagram, 





are equal in phase, and consequently, currents across the detector load 
(resistors R22-14 and R22-15) are equal in magnitude but opposite in 
direction. In this case the vestl tant voltage between point a and earth 
equals zero. 


When the intermediate frequency deviates to one or the other side from 


@ the rated I.F. of 30 Mc/sec the phese shift between voltages E, and Ey 


changes and voltages E, and oi will not be any longer equal in magnitude. 


3 
Currents flowing through resistors R22-14 and R22-15 will also be unequal 
and the resultant voltage at the output of the discriminator detector 
between point a and earth will not be equal to zero. . Depending upon the 
value and sign of detuning of the intermediate frequency relative to the 

@ rated, this resultant voltage at the discriminator detector output changes 
its value and has either positive or negative sign (Fig.75). The 
discriminator circuit is designed so that positive values of the output 

@ voltage are obtained at lower frequencies than the rated intermediate 

frequency of 30 Me/sec, whereas negative values at frequencies higher than 
the rated intermediate frequency of 30 Mc/sec. 

Thus , with the I.F. pulse voltage applied to the input of the 
discriminator, its output, depending upon the frequency of incoming signals, 
‘feeds out a train of positive or negative pulses of various amplitudes 
(Fig. 76). 

Such a form of the discriminator pulse response ensures proper operation 
of the AFC system only in case the oscillator frequency i is previously 
set higher than frequensy th of the magnetron. 

The functioning of the successive elements of the AFC system boils 
down to the following: the voltage pulses from the discriminator obtained 
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due to deviation of the intermediate frequency from the rated value I.F. 
S of 30 Mc/sec are amplified by a pulse amplifier (V22-5) and act on the 
control circuit, which produces a control: voltage changing the klystron 
frequency. The control voltage changes the klystron frequency in such a way 
that the rated intermediate frequency is attained at the mixer output. 
The control circuit is comprised by a saw-tooth oscillator (V22-7) 
and a diode (V22-6). 
The saw-tooth oscillator employs pentode V22-7, type 6Z4, which when 
@ no sila are applied to its input from the pulse amplifier (v22-5) 
functions as a self-excited oscillator (Fig.78). 
Self-excitation of the saw-tooth oscillator is achieved due to 
eae lee 022-22 connected into the circuit. The euipeetier provides 
coupl ing between the suppressor and screen grids. In the presence of such 
a an increase in the screen grid current causes negative voltage to 
& spaces on the suppressor grid and vice versa. 
Dusohanee of capacitor C22~21 through valve V22-7 and a chain of 
resistors R22-20 and R22-23 raises the voltage on the valve control grid. 
@ This causes an increase in the plate current of this valve and a decrease 
in the voltage on its plate. The plate voltage drop is conducted through 
capacitor C22-21 to the control grid thereby slowing down the rise of the 
grid voltage and consequently the rise of the valve plate current and the 
voltage drop across the plate. 
hog decrease of the discharge current results in a decrease of the 


negative voltage between the control grid and the cathode, which opposes 


. 
Pa OF Gy 5 


the decrease of the discharge current. 

Thus, due to strong adhawk between the plate and the control grid 
through capacitor C22-21, the discharge eurcent remains approximately 
aanetents the plate voltage changes almost linearly. 
| | This process goes on until the. plate voltage drop reaches the value 


at which redistribution of the valve cathode current between the screen 


: ECR DET eo »/grid and. : 
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grid and the plate takes place (Section b-c, Fig.77). The voltage on 
the plate decreases to 15 fe V relative to the cathode. In this case 
normal current distribution between the plate and screen grid is disturbed 


and the screen grid current begins to rise, and the grid potential - to fall. 


A decrease of the voltage on the screen grid is conducted through 


| 
capacitor C22-22 to the suppressor grid which brings about a further 
decrease of the plate current and an increase of the screen grid current 


| 


and consequently an increase of the negative potential on the suppressor 
grid. | This process is going on in an avalanche-like manner. As a 
result the negative voltage on the screen grid reaches such a value that 


the valve proves to be cut off for the plate current (point c, Fig.77)- 





The plate voltage rises, so does the voltage on the control grid, thereby 
increasing the cathode and screen grid currents. In this case the 
voltage on the Jrcoeaeee grid is negative relative to the cathodes valve 
Vee-7 is completely cut off for the plate current, the voltage on the 
control grid is positive in relation to the cathode. | 

‘From this moment on capacitor C22~21 is being charged from the power 
supply through resistor R22~26 and erid ~ cathode section of the valve. 

The variation of the charge rate of capacitor C22-21 is determined by the 
values of resistor R22~26 and capacitor C22-21. The capacitor is being 
charged to a value approximately equal to the power supply voltage (Section 
c-d, Fig.77). 

At the moment capacitor C22-21 starts to charge the control grid 
potential sharply rises to +2 - +4 V (Section b-c, Fig-17). Further rise 
of the grid voltage is limited by grid currents. 

Capacitor C22-22 begins to discharge through the screen grid - cathode 
section and resistor R22~24. As the capacitor discharges the negative 
voltage on the suppressor grid decreases exponentially. The rate of 
discharge is determined by values of resistor R22~24 and capacitor 22-22. 


waft a 
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At a certain moment the voltage on the suppressor grid reaches the potential 
® and takes the valve from the cut-off condition for the plate current 
(point 4, FPige71)« The capacitance value of capacitor C22-22 is selected 
Large enough so that the potential on the suppressor grid will not be able 
to recover until capacitor C22-21 is not charged to the voltage of the 
power supply and the voltage on the plate approximates that of the power 
cupply Eo | 
&t the instant the valve becomes conducting for the plate current, 

@ the plate potential suddenly decreeses by a value determined by product 
rR. (Section d-e, Fig.77). This sudden decrease of the plate voltage is 
conducted to the control grid enous capacitor 022-21, which causes a 
decrease of the screen grid current, an increase of the voltage on the 
screen and suppressor grids and further rise of the plate current. This 
process is also going on in an avalanche-like manner, which results in the 

© weieees being sharply raised on the screen and suppressor grids. The 

plate voltage decreases, so does the voltage on the control grid and at 
this moment it becomes almost equal to the cut-off potential for the plate 


& current. 


Capacitor 022-21 begins to discharge through the valve and resistors 





R22-20 and R22-23. As the capacitor discharges the potential on the 
control grid rises. The plate voltage decreases linearly and the entire 
process is being repeated. 

Thus the saw-tooth oscillator produces saw-tooth voltage of about 
3 to 5 copes. (Fig.70, c) which is applied to the klystron repeller. 

The klystron frequency, as was mentioned before, is set (during manual 
frequency control) higher than that of the magnetron frequency by the value 

@ of the intermediate frequency of 30 Mc/sec. With the saw-tooth variation 

of the oscillator voltage at the initial moment the negative voltage 


applied to the klystron repeller is small and, therefore, the difference 


cen SEGRET 
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frequency fo - i is less than the rated intermediate frequency (Fig.70, Sis 
@ There are no pulses at the amplifier output. . The saw-tooth oscillator 
: " gearches for. frequency. 

As the negative voltage rises on the repeller, the oscillator frequency 
increases and the difference frequency enters the pass band of the I.F. 
amplifier of the AFC channel (Fig.70, e). 

With the transmitter switched on, the pulse amplifier (in accordance 
with the discriminator response curve) produces first negative pulses to 


@ which the sawtooth oscillator circuit does not respond (Fig.70, f). 





The negative voltage on the repeller continues to rise and consequently 
the oscillatoz frequency increases. The difference frequency increases as 
well and passes zero point of the ateueianatse response curve (Fig.70, f) 
which de being set at the resonance epaguerey of the I.F. amplifier channels. | 
of the receiving system (30 Mc/sec). . 
@ The pulse amplifier (V22-5) produces positive pulses (Fig.77). They 
charge capacitor 022-20 through the control diode (v22-6). 
When capacitor C22-20 discharges through resistor R22-20 during the 
© pulse interval, a negative voltage (relative to the cathode of valve V22-7) 
is developed across this resistor. The voltage hese with an increase in 
the amplitude of the pulses applied to capacitor C22~20. At an instant 
when voltages across resistor R22-20 and the control grid of ‘valve V22~7 
become equal, the discharge current of capacitor C22-21 flowing through 
resistor R22-23 ceases, i.e. saw-tooth variation of the plate current 
ceases and the voltage that was present at the moment the segetooeh voltage 
daotbia tions were stopped, is set up on the plate of oscillator V22-7. 
Due to a large amplification factor of the AFC channel the saw-tooth 
voltage oscillations are stopped at incorsiderable deviation fren the 
® frequency corresponding to zero point on the discriminator response curve 


(0.2 to 0:3 Mc/s). At the moment of stopping the klystron frequency 
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ceases to change (Fig.70, g). In this case an average voltage is impressed 
& on the control grid of valve V22-7. The voltage maintains the oscillator 
7 frequency at such a level which ensures that the intermediate frequency 
equals the rated value. 


From this moment the saw-tooth oscillator functions as a D.C. amplifier, 





ieee the valve plate voltage follows the control grid voltage and automatically 
maintains the difference of the magnetron and oscillator frequencies equal 
to the intermediate frequency of the receiving systen. . 

e e Tt ‘the difference frequency exceeds the intermediate frequency of 
30 Me/sec positive pulses will be increased at the pulse amplifier output, 
which will result in an increase of the negative voltage on the grid of 


valve V22~7 and in an increase of the plate voltage. Therefore, the 





negative voltage on the klystron repeller will decrease and the klystron 
will generate lower frequency at which the difference frequency equals: the 
& intermediate one of 30 Ne/sec. 
If the difference frequency decreases, positive nudges at the pulse 
amplifier output, while decreasing, will be eniceried outs ere re 
@& C22-21 begins to discharge and the plate voltage decreases according to a 
saw-tooth law until positive pulses interrupting this change appear at the 
pulse amplifier output. | 
If the oscillator frequency, at the given polarity of the discriminator 
peaseuse curve, is set below the magnetron frequency, the search circuit 
will carry out tuning on a false point and keep the difference frequency 
unequal to the intermediate one of 30 Me/ SEC, sien will result in sharp 
reduction of the receiver sensitivity. 
Diagram 78 illustrates the functioning of the AFC circuit when the 
®@ oscillator is tuned to frequencies higher or lower than magnetron frequencies. 
Curves 1 and 2 show the relation of the voltage at the AFC circuit outout 


(plate voltage of oscillator valve V22~7) to the oscillator (heterodyne) 
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frequency. Curves 3 and 4 show the relation of the oscillator frequency 
& to the voltage on the klystron repeller during searching. 

When the oscillator tuning frequency is lower than magnetron frequency , 
positive pulses at the output of the AFC channel, stopping the saw-tooth 
voltage of oscillator V22-7, appear at the difference voltage (of the 
magnetron and klystron) exceeding the rated intermediate frequency gad: the 
AFC circuit maintains the frequency other than the intermediate one 
(point B,)- Near point B, the circuit operation is unstable and any 

@ change in the klystron frequency detunes automatic frequency control. In 
point A the circuit function is stable. 

The saw-tooth oscillator is supplied from two rectifiers. (-250 and 
~255 Vv), located on the chassis of the I.F. preamplifier unit. These 
rectifiers are based on two kenotrons 5C4S (V22-14 and V22-19) and are 
used to supply the klystron and the saw-tooth oscillator. 

@ The rectified voltage of -250 V is stabilized by the electronic 
regulator employing valves V22-16 and V22-18 whose ‘operation has been 
analysed in detail in saotién 36 
& The rectified voltage of -255 Vv is stabilized by a series combination 
of stabilovolts SG3S and SG4S (V22-20 and V22~21). 

When placing switch W22~4 in position AFC the voltage of ~-250 V is 
applied to the plate of valve V22-7. 

Pin 2 of valve V22-21 is negative potential applied from the series 
combination of the rectifiers (-250 and -255.V), iee. -505 V. This voltage 
is applied to the cathode of valve V22-7. Thus, a voltage of +250 V is 


applied between the plate and cathode of valve V22-7. 
5, AUTOMATIC TRACKING CHANNEL AMPLIFIER 


co The automatic tracking channel amplifier unit (Figs 79, 80) is located 
in the upper left-hand part of the main control board cabinet. 
A key diagram of the amplifier unit is presented in Fig. 81 (See Album). 
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The automatic tracking channel amplifier is designed for amplification 
e of signals coming from the I.F. Sautiamee: It is provided with two 
amplifier channels: a range channel and an automatic tracking channel. 
The signal from the output of the I.F. preamplifier (connector Zw22-6) is 
furnished through the coaxial cable with a characteristic impedance of 
75 ohms to the input of the automatic tracking channel amplifier (connector 
Zw1—1) and then through coupling capacitor C1~1 to the control grid of 
valve Vi-1.. | 
@ Resistor R1i-1 (75 ohms) as was mentioned above serves to match the 
input resistance of the first valve of the automatic tracking channel 
amplifier with the characteristic impedance of the cable. 
The input circuit of the first stage of the automatic tiene channel 
‘amplifier is formed by inductor L1-1 together with the input capacitance 
‘of valve V1-1 (624) ana the capacitance of the wiring. The circuit is 
& shunted by small resistance of R1i~1 due to which it has a wider pass band 


as compared with the circuits of the successive stages, where the resistors 





shunting the circuits have considerably greater values (470 to 1000 ohms). 
@ — The first, second, third and fourth stages of the penta tracking 

channel amplifier (V1-1, V2-2, V1-3 and v1-4) are the fourth, fifth, sixth 
and seventh stages of ie I.F. amplifier in the receiving system respectively. 

The I.F. amplifier. stages in the unit are based on resonant amplifier 
circuits with parallel plate supply, using pentodes 624, having oscillatory 
circuits in the control grid circuits. 

In addition to inductors Li-1, L1-2, etc. the oscillatory apenas 
include interelectrode capacitances of the valves (C, C Js the 


input « output 


wiring capacitances (c..) and inductor self-capacitances (C, The total 


a 
capacitance of the circuit is approximately 20 pF. 
The control grids of the first two valves are fed with the negative 


voltage from the automatic gain control (AGC) circuit. 


SECRET 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


.»./Resistors Ri-4, 








Declassified in Part - Sanitized Copy Approved for ae 2013/09/19 : CIA-RDP80T00246A031400010001-1 
- 102 - 


Resistors R1-4, R1-7, R1-11, R1-14, R1-19, R1-23 (Fig.81) that are the 
@ plate loads of the valves, are used to shunt the circuits and to determine 
the amplification factor and pass band both for the range channel and 
automatic tracking channel. 

The circuits are tuned to the intermediate frequency by changing. 
inductance of the atts with the help of movable brass cores. The initial 
bias on the waived of the I.F. amplifier stages of the automatic tracking 
channel amplifier unit is caused by the valve current flowing through 

© resistors R1-3, R1-8, R1-10, RI-15, R1-22. 

After the fourth I.F. amplifier stage of the automatic tracking channel 
amplifier unit the receiver amplifier channel is separated into twos: the 
automatic tracking channel amplifier and range channel snpirian 

. The automatic tracking channel amplifier is comprised of two I.F. 
amplifier Biase (Vi-5 and V1-6), a detector (left-hand diode of valve 
& v1-7) and two video amplifier stages (V1-3 and v1-8). 

The output voltage from the fourth I.F. amplifier stage (V1-4 of 
the unit is applied to the input of the fifth stage (vi-5). The fifth 

® stage is usually cut off and is made conducting only when the screen grid 


of valve (V1-5) is supplied with the very narrow gate of 0.3 microsec. 





duration and 100 - 120-volt amplitude. The gate is furnished from the 
range and very narrow gate indicator unit through the cable via aoaneotex 
Wil-5. When no very narrow gate is applied valve Vi-5 is cut off by 

the negative voltage on the screen grid (about ~100 V) taken from the 
voltage divider formed by resistors R1-60, R1-61 in the circuit of the 


-150-volt rectifier. 





Therefore, the grid of the next sixth stage (V1-6) is supplied only 
with the voltage of the reflected signal that is timed with the very 
narrow gate. 


The moment of feeding the voltage of the very narrow gate to the 






screen grid of valve V1i-5 is set by the range operator who by operating 


Cepory coe / the handwheel 
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the handwheel aligns electronic markers on the fine range tube with the 
@ signal reflected from the selected target, thereby timing the voltage of 
the very narrow gate pulse with the reflected signal. 
During automatic tracking of the selected target this alignment is 
done automatically by ine Pailow=ae system of the automatic range tracking. 
Thus, only signals reflected from the target selected by the operator 
ere amplified in the amplifier of the receiver automatic tracking channel. 
Placed in tie control grid circuit of valve Vi-5 is settee R1-17 to 
@ reduce the undesirable effect (caused by triggering and cutting off of the 


automatic tracking channel ) on the parametere (amplification factor, pass 





band and resonance frequency) of the range channel I.F. amplifier. 
















- The cathode circuit of valve Wi-5 contains variable resistor R121 
used for regulation of the automatic tracking channel I.F. amplifier. 
The resistor slotted shaft is brought out to the front panel of the unit 
®@ and is marked AUTOMATIC SENSITIVITY CONTROL. 

To extend amplification control range the cathode of valve V1-5 is 

supplied with additional bias from the divider formed by resistors R1-57 
& and R1-21 to which a stabilized voltage of +120 V is applied. 

When AGC is functioning the resistance value of resistor R1I-21 affects 
the amplification factor of the range channel. Should the resistance 
values; say, of R1-21 be increased the amplification factor of the automatic 
tracking channel will decrease. This will cause a decrease of the negative 
bias applied to the first and second I.F. amplifier stages from the AGC 
stage, and an increase of the amplification factor for these stages and, 
consequently, the amplification factor for the range channel, as the first 
and second I.F. amplirier stages of the automatic tracking chanrel amplifier 

@ unit are common for both channels of the receiving system. 
When tuning the Aitonatie tracking channel at the manufacturing plant 


or repair workshop, the screen grid of valve Vi-5 is fed with a D.C. 
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voltage of +120 V. For this purpose jumper W1-3 is set in position ~ 
@ +120 V. In position STROBE jumper Wi-3 connects jack Gi-—3 with G1-4 and | 
the very narrow gate is aap tea from the range indicator unit to the screen 
grid of valve Vics: Total amplification of the intermediate frequency 
amplifier, from the input of the amplifier to the output of the ninth 
stage of the intermediate frequency amplifier of the automatic tracking 
channel, is about 200,000. The voltage from the ninth I.F. amplifier stage 
is applied to ae second detector (valve V1-7) employing (to reduce the 
& detector capacitance) one half of the double diode 6H6S; the other half 
of the valve is earthed. The detector load is resistor R1-26. Capacitor 
C1~32 and inductor Li-8 constitute a filter smoothing intermediate frequency 
ripples across the load resistor. 
To monitor the operation of I.F. amplifier of the receiver automatic 
tracking channel during the receiver tuning, a microammeter may be connected 
& into the D.C. component circuit of the detector current. For this purpose 
monitoring jack G1-1 (DIODE CURRENT) is provided whose contecis are 
connected to each other with the plug connector removed. The microammeter 
@ . is shunted by resistor R1-28 (220 ohms) whose main function is to prevent 
discontinuity of the D.C. component circuit of the detector at the moment 
the contacts. of jack Gi~1 are opened. 
The negative voltage pulses from the detector load are furnished to 
the input of the first stage of the video amplifier (V1-8). Both video 
amplifier stages operate as resistor—coupled amplifiers. . The plate load 
of the first stage is resistor R1-30, the plate load of the second stage is 
| resistor R1-35. 


To correct the video amplifier frequency characteristic in the high- 





* pp Me 


of? 
a first and Bgocae, stages of the’ Video! ee The choke resistance 


rises, as the frequency icy increases,_th sli tne take the total resistance of the 


frequerioy-region EGbe Res lin peondrt r= ever eed in the plate circuit of 
@ 
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plate Tosh This results in compensation of the resistance drop across 


ee “CRET ..-/the load 
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the load dance by spurious capacitances. The use of correcting chokes 
& at high frequencies extends the band of amplified frequencies which is 
necessary for undistorted amplification of short pulses applied to the 
video amplifier from the detector (Fig.83). 
The negative voltage pulses are furnished from the plate of valve 
Vi-9 through coupling capacitor c1-41 and resistor R1-37 to the cathode 
of the AGC detector (the left-hand triode of valve 6N8S), while through 
capacitor 1-40 - to connector Wi-3, from where they are conducted to the 
@ automatic tracking and automatic range finder units. 
One I.F. amplifier stage of the range unit (V1-11) located in the 
automatic tracking channel amplifier unit employs a valve of the 6Z4 type. 
The circuit of the stage is similar to that of the I.F. preamplifier, but 
the valve grid circuit contains an oscillatory circuit common with the 
fifth I.F. amplifier stage of the automatic tracking channel. The output 
@ voltage of this stage is applied to the range channel amplifier through 
connector Wi~d. 
Besides the described amplification channel the unit accommodates the 
@ AGC circvit (V1-10) and a rectifier with a +1 20-volt voltage stabilizer 


(Vi-12, Vi-13 and V1-14, V1-15). 


Gain Control 


The receiving system provides for manual and automatic gain control. 





The automatic gain control, during automatic target tracking, provides 
the operation of the automatic tracking channel in the linear section of 
the receiving system amplitude characteristic. In this case the signal 
modulated by the error signal voltage is normally conducted through the 
receiving channel. | 

@& If the signal reflected from the target being tracked is excessively 
increased, the AGO circuit automatically reduces the amplification factor 
of the first and second I.F. amplifiér stages of the automatic tracking 


.ee/channel amplifier 
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channel amplifier unit due to the additional negative bias voltage applied 
to the valve grids of these stages. 

During automatic tracking of the target in angular coordinates the 
receiving system gain is controlled only automatically. In other modes of 
operation manual control is used. The AGC circuit consists of a detector 
the left-hand teiede of valve V1-10 (6N8S) connected as a diode, and a D.C. 
amplifier with a cathode load employing the right-hand triode of the same 
valve. The inieas grid is connected to the middle contact of ‘relay Pi-1. 

When setting selector switch (12-1) (MODE OF OPERATION) located in 
the antenna control unit in position (AUTOMATIC) the winding of relay 
P1-1 is supplied with A.C. voltage (110 V, 50 cep.Se), contacts 5-6 of 


the relay close and the grid of the AGC amplifier is supplied with voltage 


_ from the load of the AGC detector (divider R1-46, Ri-45, Ri-42). In this 


case the receiver operates with AGC (Fig.84). 

The cathode of the left-hand triode of valve V1-10 (AGC detector) 
is supplied with a positive D.C. vena of +30 V from divider R1-39, 
R1-40, fed with a stabilized voltage of +120 V. 

In the absence of the signal from the output of the Reseivex automate 
tracking channel, the detector plate is under a small negative (in relation 
to earth) potential (approximately -2 V) taken from the voltage divider 
composed of resistors R1i-43, R1i-44, R1-42 (in the automatic tracking channel ) 
and R7-99 (in the automatic range finder unit) fed by a stabilized voltage 
~105 V. Therefore, the AGC detector is cut off by a negative voltage of 
about 32 V. “In this case there is no voltage drop across the load 
(R1-45, R1-46) of the detector and, consequently, the grid potential of the 
D.C. amplifier (the right-hand triode of valve Vi-10) is approximately -2 V. 

Tie AGC amplifier is connected as a cathode-loaded stage (Ri-41). The 
plate voltage of this stage is attained by adding stabilized voltages of 


+120 and -105 V and makes up about 225 V. 
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The resistance value of resistor R1-~41 should eee a voltage drop of 
& 105 V across the resistor during the plate current flow through the valve 
(at the grid potential of about -2 Vv). _ In this case the AGC resultant 
voltage on the grids of the first and second stages of the I.F. amplifier 
equals zero, while the bias voltage of these stages is determined by the 
voltage drop across the resistors in the circuits of the valve cathodes. 
The receiving system provides maximum gain. 
The initial zero voltage is set on the grids of the first and second 
@ I.f. amplifier stages with the help of potentiometer R1-42 whose slotted 
| shaft is brought out to the unit chassis and marked AGC SETTING. 

If the aipl tide of the negative pulses at the output of the receiving 
system automatic tracking channel exceeds 32 V the AGC detector is triggered 
by the pulses. Capacitor Ci-44 is being charged through the diode and 
resistor Ri-37. In pulse intervals capacitor Ci-44 is being discharged 

@ through the detector load resistor R1-46, R1-45, RI-A2. The time constant 
of the capacitor charging circuit makes up 5 microseconds which exceeds 
the duration of the output pulse (of the receiving system automatic tracking 
2 channel) equal to 0.3 microseconds. 

The time constant of the capacitor discharging circuit makes up 
6200 microseconds, which considerably exceeds the duration of pulse intervals 
which are approximately 533 microseconds. As a result the voltage across 
capacitor C1-44 under steady conditions remains almost constant slightly 
changing by the action of pulses at the receiver output. 

The more the pulse amplitude at the output of the receiving system the 
greater the value of the voltage across capacitor C1-44. 

The voltage across capacitor C1-44 is set (when the amplitude of 

@ pulses at the receiving system output is invariable) at such a level at 
wuich the electricity obtained by the capacitor for a period of the pulse 
travel through the charging circuit, equals the electricity lost by the 


capacitor in the discharging circuit during the pulse interval. 


CLPRET .-./The voltage 
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The voltage caused by discharge of capacitor C1-44 is taken from 
& resistor R1-45 to the grid (4) of the right~hand triode of Meivs vi-10 
(AGC amplifier). Thus, if capacitor C1~44 proves to be charged due to 
the AGC detector operation, to a voltage exceeding the voltage drop across 
resistor R1-42, approximately one quarter of this additional negative 
voltage is conducted to the grid (4) of the D.C. amplifier. The valve 
Sista: current decreases. The voltage drop across resistor R1~41 becomes 
less than 105 V and the valve cathode potential drops below zero. This 
@ negative voltage is epplied to the valve grids of the first and second 
I.F. amolifier stages of the automatic tracking channel amplifier unit 
and causes a reduction of atpl itieation factors of these stages and 
consequentiy of the entire receiving systen. 
Thus, as the amplitude of echo signals increases the AGC ave 
automatically reduces the amplification factor of the receiving system and 
@ protects separate stages from overloads. 


Connected to the input of the right-hand triode of valve V1-10 





(AGC amplifier) is capacitor C1-45. The time constant of the charging 












e and discharging circuits of capacitor (1-45 through resistors R1-46, R1-45, 
amounts to several seconds. As a result at rapid changes of the pulse 
amplitude at the output of the receiving system automatic tracking channel 
the voltage on the grid of valve V1-10 and consequently the output voltage 
of the automatic gain control remain practically sanetent, because these 
voltages depend on the average level of the signal at the output of the 
receiving system. | 

In particular, due to application of capacitor C1-45, the AGC system 
does not react on ripples of the echo pulse amplitude with a frequency of 

& 24 pe caused by deviation of the antenna axis from the target direction 
and thus does not reduce the error voltage used for the antenna automatic 


control. = 


SFeRER E .»./Manual gain 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 





Sm , . manne | 
Declassified in Part - Sanitized Copy Approved for | Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


a AOD ce 


Manual gain control. With selector switch Wi2-1 MODE OF OPERATION in 

& position MANUAL the relay winding is de-energized, contacts 6-7 of relay 
Pi-1 (Fig.84) close and the grid of the D.C. amplifier is fed with the 
voltage from a series combination of potentiometers R1-44 and R7-99, whose 
knobs are brought out to the front panel of the amplifier units of the 
sutomatic tracking channel and automatic range finder and marked GAT 
(R1=44 and R7-99). 

In this case the AGC detector is switched off and gain is controlled 
a) manually. 
By rotating knobs of potentiometers Ri-44, R7-99 it is possible to 
change the veiese on the grid of the right-hand half of valve V1-10 
(AGC amplifier) and consequently the output voltage taken from the cathode 
and the bias voltage on the valve control grids of the two first stages of 
the automatic tracking channel amplifier unit. 

@ . When turning knobs R7-99 and R1-44 to their extreme clockwise positions 
the voltage on the grid of the right-hand half of valve Vi-10 (AGC amplifier) 
relative to earth will be equal to the voltage drop across resistor Ri-42 

& (1.5 to -2 V), ise» will be the samé as that during automatic gain control 
with the AGC detector cut off. 
In this case the circuit output voltage, i.e. the yeas between the 
cathode of the AGC amplifier and earth, equals zero and the receiving 


system operates with maximum amplification factor. 





When rotating knobs GAIN (R1-44) and GAIN (R7-99) counter-—clockwise 









the grid potential of the D.C. amplifier decreases and consequently the 

circuit voltage becomes negative which results in decrease of the receiver 

amplification factor. 

& Voltage Stabilizer 
For stable operation of the receiving system the plate circuits and 

screen grids of the I1.F. amplifier stages of the automatic tracking channel 
CIPO] : .../amplifier unit 
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amplifier unit are supplied from the voltage stabilizer mounted on the 
& chassis of the automatic tracking channel amplifier unit. 

Stabilization of voltage in the given circuits protects the operation of 
the receiving system from the oscillations of the mains primary voltage and 
change of the load current. 

The input of the voltage stabilizer, composed of regulating valve 
V1-13 (GU-50) and control valve V1-14 (6P9) is supplied with a voltage of 
about 360 V from the rectifier output (Fig.81, See Album). 

| © The stabilized voltage is regulated by changing the wesiaeanes value 
of resistor R1-54 with the help of slotted shaft +120 V brought out to the 
chassis; the slotted shaft is set so that the voltage at the stabilizer 
output is equal :tio +120 V. 

The operating principle of the stabilizer is described above (See 
Section 4). . 

@ The presence, of the rectified voltage is checked with the aid of the neon 


lamp N1~17 (+120 V) located on the front panel of the assembly. 
6. RANGE CHANNEL AMPLIFIER 


© The range channel amplifier unit (Figs 85, 86) is located in the left 
upper corner of the main control board cabinet under the amplifier unit of 


the automatic tracking channel. 





The range channel amplifier unit is designed for additional amplification 


of signals to a value ensuring the normal operation of the range indicator 










unit, plan-position indicator unit and automatic range finder. 
The range channel amplifier unit (Fig.87, See Album) consists of one 
I.F. amplifier stage, a detector and three video amplifier stages. The 
unit chassis carries +300-volt and -150-volt rectifiers as well. 
© The input. of the range channel amplifier unit is fed with I.F. voltage 
from the output of the eighth I.F. amplifier stage of the range channel 


(Vi-11) located in the automatic tracking channel amplifier unit. The 


first I.F. amplifier stage of, the quai t is based on a resonant amplifier 


ea 
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with an oscillatory circuit in the grid circuit. The cathode circuit of 
& valve V2~1 includes variable resistor R2-3 by means of which the range 
“channel amplification is regulated. 

Resistor R2-3 is part of the divider in the circuit of the rectifier 

voltage of +300 V. The slider shaft of the resistor is brought out to 

| the unit front panel and marked NOISE LEVEL SETTING. Resistor R2-1 is 
the load of the output cable and-its value equals the cable characteristic 
impedance. The application of this resistor is similar to that of 

& resistor R1i-1 of the automatic tracking channel amplifier unit. | 

The signal voltage amplified by an I.F. amplifier stage (v2-1) is 
applied to the detector, i.e. to the right-hand diode of valve V2-2 (6H6S). - 

The overall idterneaiats frequency amplification of the range circuit 

(from the input of the intermediate frequency pre-amplifier to the tenth 

stage of the range channel intermediate frequency amplifier), is about 75,000. 

The load of detector V2~-2 is resistor R2-7. Choke L2-3 and capacitor 

C2-7 constitute an intermediate frequency filter which prevents penetration 

of I.F. voltage to the video amplifier input. 

@ _ The first and second stages of the video amplifier (V2-3 and v2-4) 
employ valves of the 624 type connected as triodes, which ensures uniform 
amplitude characteristic. 

The grid of the first video amplifier stage (V2-3) is fed with positive 
pulses from resistor R2-7. Therefore, the initial negative bias from 
divider R2-9, R2-10, connected into the ~105-volt rectifier, is applied 
to the control grid of this valve to cancel out amplitude distortions 
caused by grid currents. 

For high-frequency compensation the plate circuit of the first stage 

@ contains choke L2-4 connected in series with resistor R2-12. 
The negative pulse is applied to the grid of valve V2-4 and because 


of this it is not supplied with additional negative bias. 


ERNE 
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Resistor R2-17 and capacitor C2-11 are correcting sigicure improving 
& frequency characteristic of the stage and, consequently, of the entire 
video amplifier. In the tanetesqacney region the capacitive reactance of 
capacitor C2-11 becomes greater than resistance value of R2-17. Asa 
result the negative feedback reduces amplification of the stage in the 
low-frequency region, which is equivalent 6 the high~frequency rise. The 
stage operates without the initial negative bias, therefore, the pias on 
the valve grid is determined by an average noise level. Should the noise 
@ arise the operating point of the stage characteristic is shifted to the 
right due to appearance of additional bias wolneee caused by the grid current 
across resistor R2-16 whose value is approximately 470 kilohms. In this 
case the amplification factor of the stage decreases and the previous noise 
level is preserved on the tubes. Thus, approximately constant noise, level 
is kept on the tube screens, which facilitates observation of weak signals. 
@ The plate load of the second video amplifier stage is resistor R215. 
Resistors R2-39, R2-14 and capacitor C2-12 constitute a decoupling filter 
‘in the supply circuit. . 
@ The thixd stage employs valve 6P3S (v2-5). The bias to its control 


grid is fed by the -105-volt rectifier from divider R2-19, R2-20. The 





plate load consists of resistors R2-26, R2-25, R2-24, R2-23, R2-21 and 
R2-22 whose total resistance value is 1.5 kilohms. The negative voltage 
pulses of 120 V Sneretede are conducted to the range indicator unit 
(to connector Zw3-4) from the plate load of this stage ihnoust connector 
Iw2-3. | 

From connector Zw2-2 the positive pulses are furnished to the range 
finder unit (to connector Zw7-4). In this case the pulses are taken from 
®@ nee eeen R2-30 in the valve cathode circuit. 

The plan—position indicator is supplied with the output voltage through 
the divider (resistors R2~28, R2-29). . The negative pulses of 12 V amplitude 


.o+/taken from 


SCOOT 
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taken from the part of the divider (R2-29) are applied to the plan-position 
indicator through connector Zw2-4 {pin 56 : 

The +300-volt rectifier employs two kenotrons of the 5C4S type (V2-7 
and V2-3). Capacitors C2-20, C2-19 aba oneké pot constitute.a mid—-shunt 
filter in the rectifier circuit. Connected in series with the choke are 
two wire-wound resistors R2-33 and R2-34, one of them being connected as a 
potentiometer and serves to regulate the rectifier output voltage during 
the unit tuning. | 

The ~105-volt rectifier utilizes kenotron of the 5C45 (v2-9). The 
voltage of -105 V is stabilized by stabilovolt SG35 (9-10) 

The neon lamps N2-11 and N2-12 eae for checking the +300 V and the 


-105 V rectified voltages. They are located on the front panel of the 


assembly (Fig.85). 


Chapter 5 
RANGE MEASURING SYSTEM 


1. GENERAL 


The range measuring system is designed to measure the target range 
continuously and accurately in the manual or automatic zenue tracking mode 
of operation and to synchronize the operation of the évavant ites, receiver 
and the plan-position indicator system. 

The range measuring system (Fig.88) consists of the following Ssnoenentes 
@ range unit, a range and very narrow gate indicator, a range mechanism and 
an automatic range finder. 

The vange ements system is fed from the power pack of the range 
measuring system and plan-position indicator and from the power pack of the 
range measuring system. : 

The range unit synchronizes the operation of the ‘transmitter, the 


receiver, the range and very narrow gate indicator unit, the automatic range 
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finder and the plan~position indicator unit. For this purpose the range 
je ts " 
: . 5 
@ unit gensrates sweep voltages-for the fine and coarse range tubes, trigger 


pulses to trigger the transmitter and start the plan-position indicator 
sweeps, voltage pulses to brighten the sweeps of the coarse range tube, 
pulses to form the plan-position indicator range markers, pulses gating 
the sweep trace on the fine range. tube and the plan-position indicator tube 
and forming the electronic marker on the bares range tube. 

The range and very narrow gate indicator is designed for visual 

@ observation of the signals reflected from the targets. Besides, the unit 
accommodates the final stages of the very narrow gate forming circuit. The 
very narrow gate makes the receiver automatic tracking channel esaueting 
and triggers the gate forming circuit in the automatic range finder unit 
and the circuit for forming an electronic marker on the fine range tube. 

Short very narrow gate pulses, making the receiver automatic tracking 

6 channel conducting at the instant the signal reflected from the selected 
target arrives, makes possible the tracking of the selected target 
automatically in angular coordinates despite the presence of other targets 

@ located at various ranges in the zone of the antenna beam coverage. 

The range mechanism unit is designed for mechanical control of the 
devices for tracking the target in range (the phase shifter and strobe 
decade potentiometer) with range data transmission by means of the coarse 
and fine selsyns. 

The unit incorporates the stages of the very daaaow gate forming circuit. 
When rotating the range knob the phase of the voltage, forming the very 
narrow gate, reverses relative to the phase of the crystal generator voltage, 
which alters the start of the very narrow gate and the sOettio of the fine 

@ range tube electronic marker relative to the range zero mark. 
| The automatic range finder unit provides continuous tracking of the 


target in range. For this purpose the unit produces a 50 c.pes. control 


SOREL 
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voltage which is applied to the automatic tracking motor in the range 


@ mechanism unit. 


The value and phase of the control voltage are such that the automatic 





Sracking motor (rotating the shaft of the range mechanism and the shaft of 





the phase shifter) ensures continuous alignment of the electronic marker 
with the signal from the target being tracked. 
2, OPERATING PRINCIPLE OF RANGE 
MEASURING SYSTEM 


| & A functional diagram of the range measuring system is presented in 


Fig. 89. 


Formation of Seasua on Fine and Coarse Range Indicators 
Circular sweeps on the fine and coarse range indicators are formed 
when the electron flow is acted upon by sine-wave voltages equal in 
@ amplitude and shifted in phase by go°. The indicator sensitivity for 
horizontal and vertical deflecting plates to which sweep voltages shifted 
in phase are applied, is different, therefore in practice the amplitudes of 
the given voltages are also different. 
© ' The voltage applied to the vertical deflecting plates of the indicator 
(Fig.90) causes the indicator electron beam and, consequently, the bright 
spot on the screen to deflect up and ‘wa from the centre by a value 
proportional to the instantaneous value of the voltage. 
The voltage applied to the horizontal deflecting plates of the 
indicator deflects the bright spot to the left and right from the centre. 
During simultaneous action of two voltages applied to the indicator 
deflecting plates the bright spot moves both in horizontal and vertical 
planes successively passing points 0, 1; 2, 3, etc. on the screen, i.e. 
©@ ' moves in a circumference. 
The baie of one revolution of the bright spot equals the cycle of the 
sweep voltage applied to the plates. | 


___SFPRET 
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To obtain the circular sweep on the fine range indicator the range unit 

& and the range indicator unit produce two sine-wave voltages of 74.955 Ke/s, 

shifted in phase by 90°. 

The voltage of 74.955 Ko/ s (approximately 15 Ke/ s) is produced By the 
crystal-controlled oscillator. The oscillation frequency of the crystal 
oscillator is somewhat lower than 75 Ke/s, because the propagation velocity 
of radio waves is not 300,000 km/sec. but a bit lower than this value. 

The oscillator voltage period, which is a precise time reference, 

@ makes up 13.3 microsec. and equals the time required for the electromagnetic 
siganl to make a round trip between the transmitter and‘ the target that are 
two kilometres apart. Therefore, the length of the sweep circumference of 
the fine range indicator corresponds to the range of 2 kn. 

To create a circular sweep on the coarse range indicator two sine-wave 
voltages of 3.75 Ke/s are required. The frequency of these voltages is 

& 20 times as small as that of the crystal oscillator and consequently the 

time during which the sweep describes a circle on the screen of the coarse 
range indicator corresponds to the range of 40 km.° 
® The crystal oscillator voltage is applied to the frequency division 
| circuit which generates voltages 5, 20 and 40 times lower than the frequency 
7 of the crystal oscillator, i.e. approximately 15, 3.75 and 1.875 Ke/s. ‘The 
frequency is divided by multivibrators. 

The first multivibrator is saennonieel by the voltage of the crystal 
oscillator. This voltage is previously converted into a pulse voltage of 
the same frequency in the trigger pulse oscillator stage. The circuit is 
designed in such a way that the first multivibrator, which will be henceforth 


referred to as multivibrator 15 Ke/s, generates a pulse voltage whose 





& frequency is five times as low as that of the crystal oscillator. 


The voltage of multivibrator 15 Ke/ 8 synchronizes in turn the next 






multivibrator that divides frequency by four. Thus the voltage of the 
y ere! ° ../second multivibrator 
SECRET 
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second multivibrator has a frequency 20 times as low as that of the crystal 
oscillator, i.e. 3.748 Ke/s. This multivibrator is called multivibrator 
3.75 Ke/s. 

The output voltage of multivibrator 3.75 Ke/s of aeuroeetaly: square- 
wave form is applied to the resonance amplifier whose load is a phase 
shifting transformer. This transformer produces two voltages of 3.75 Ke/s 
emial in amplitude and 90° out of phase in relation to each other. These 
voltages are applied through resonance transformer to two pairs of 
deflecting plates of the coarse range indicator. The form of output 
voltages of resonance trarisformers approaches the sine-wave form and therefore, 
edsntee a circular sweep on the indicator screens the duration of one 
sweep revoiution corresponds to one period of the eine—wave voltage and 
equals 266 microsec. 

The signals reflected from the target are furnished from the output 
of the receiver range channel amplifier to central deflecting electrode of 
both range indicators and form radial pips on the sweeps, i.e. target 


markers. 


Trigger Pulse Formation 


The target range can be measured accurately only when the display of 
the echo signals rerains stationary on the sweeps of the range indicators 
or when the movement of the target signal on the indicator screens is . 
caused only by the displacement of the ‘target in space. Therefore, 
the moment the transmitter fires the pulse should always coincide with the 
moment the electron beam passes the definite point on the sweep which will 
darnespona 16 the range scale zero. 

| The moment the electron beam passes igasisntouse point is determined 
by the phase of voltages creating the sweep. This phase always corresponds 
to the definite phase of the crystal oscillator voltage. This is obtained 


by the use of the trigger oscillator pulses of 74.955 Ke/s for formation 


saa OF trigger 
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of trigger pulses. The trigger pulses (of a frequency of 1.875 Ke/sec) 
make the station transmitter ener tive: 

The trigger pulses of the required frequency are formed in the selector 
40 which the trigger oscillator pulses of 75 Ke/s and strobe pulses are 
furnished. The strobe pulses are formed by the circuit composed of 
multivibrator 1.875 Ko/s, a limiter, a gating delay and trigger pulse 
electron relay, a strobe pulse width electron relay and a cathode follower. 

The multivibrator 1.875 Ke/s synchronized by the voltage from the 
multivibrator 3.75 Ke/s, produces an A.C. voltage of approximately square- 
wave form whose frequency is 40 times as low as the erystal oscillator 
frequency. This voltage is used for triggering the gating delay and 
trigger pulse electron relay in which the pulse of regulated duration is 
formed. 

The trailing edge of the pulse of vasatated duration triggers the strobe 
pulse width relay which produses strobe square-wave pulses of 9 microsec. 
duration. These pulses are applied through the cathode follower to the 


trigger selector which passes only those pulses of the trigger oscillator 


‘that are timed with the strobe pulses. 


By changing the value of the strobe pulse delay within the range of 
0 to 80 microsec. the strobe pulse may be timed with any of the five trigger 
pulses coming in succession with 13.3 microsec. pulse interval. In this 
case the trigger pulse is formed at the trigger selector output, corresponding 
to the range zero and used to trigger the transmitter and the plan-position 
indicator unit. 

Formation of Gating Pulses for the Brightening of the Sweep 
of Coarse Range Indicator 

Between two trigger pulses adjacent in time the electron beam of the 
coarse range indicator makes two complete revolutions. As a result an error 
in target range may arise. For instance, if the distance between the 
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station and two targets is 10 and 50 km.. respectively, the target echo 
© signals on the screen of the coarse range indicator will be observed at the . 
same point on the sweep corresponding to 10 kn. 

To avoid errors when determining the range the sweep of the coarse 
range indicator is brightened only for the period of the first revolution 
of the electron beam after every trigger pulse. For the remainder of the 
time in which the electron beam performs a second revolution, the tube is 
not brightened and targets at a distance of 40 ay or more are invisible on 

@ the screen. | 
‘The brightening voltage gating pulses furnished to the control 
electrode of the coarse range indicator are formed with the help of the 
gate width electron relay, generating positive square-wave pulses of 
regulated duration (from © to 270 microsec.). | 
The gate width electron relay is triggered by the gating delay and 
®@ trigger pulse electron relay, and therefore, the beginning of the coarse 
range indicator gating coincides with that of the strobe pulse and leads the 
beginning of trigger pulses by approximately half of the strobe pulse ; 
& duration (600 m. on the scale). Thus the vadinted pulse can always be seen 


on the screen of the coarse range indicator. 


Strobe Pulse Formation 
To determine the range more accurately the range measuring system is 
provided with a fine range indicator whose screen displays any two-kilometre 
section of the coarse range indicator sweep on a larger scale. 
For a period between two successive pulses fired by the transmitter 
the electron beam of the fine range aydceator should make AO revolutions. 


Therefore, the displays of the target echoes obtained on various revolutions 





& of the sweep are superimposed, thereby making it impossible for the operator 
to determine on which revolution of the sweep after the transmitter pulse 


one or another echo is displayed. 


SFORET oe ./To avoid 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 














Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 
- 120 - 
To avoid this it is necessary that only that section of the sweep be 
brightened on the fine range indicator which corresponds to the sweep 
@ section selected on the coarse range indicator. 

The selected sweep section of the fine range indicator is brightened 
by the strobe pulse applied to the control electrode of the fine range 
indicator. In addition, the strobe pulse is used as an electronic marker 
on the coarse range indicator. 

By matching the electronic marker (strobe pulse) of the coarse range 
indicator with the echo signal it is possible to seteanies tis target range, 
i.e. to weasure the time between the moment the fyensai bse puree is fired 
and the moment the signal reflected from the target arrives. The time 
delay of the snes pulse relative to the trigger pulse corresponds to the 
slant range of the matched target. This range is read on the scale of the 
range mechanism. 

@ The strobe pulse forming circuit utilizes four valves. of the strobe 
pulse delay circuit, a strobe width electron relay and a cathode follower. 
The strobe pulse is set on the sweep by means of the range handwheel 
which is mechanically coupled to the shaft of the strobe pulse delay 
®@ soventtonoton: Taken from the potentiometer slider is a D.C. voltage 
which changes linearly when rotating the handwheel and is applied to the 
strobe pulse delay circuit. 
The strobe pulse delay eee is composed of a control valve, a trigger 
valve, a limiter and a quenching valve. The trigger pulses are applied 
to the delay circuit from multivibrator 1.875 Ke/s. The saw-tooth 
oscillator (phantastron) provided in the circuit produces linearly decreasing 
saw-tooth voltage of 1.875 Ke/s. At the moment the amplitude of the saw— 
tooth voltage equéls the value of voltage fed from the slider of the strobe 
& delay potentiometer, the strobe delay circuit triggers the strobe width 


electron relay. The saw-tooth pulse duration ensures the strobe delay 
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The strobe width electron relay squares positive and negative strobe 
pulses of regulated duration. Positive strobe pulses are applied tihrough 
the cathode follower to the selector of the very narrow gate circuit, to 
the control grid of the . range tube for gating the sweep and thence to 
the plan-position indicator tube for gating the corresponding range section. 
The strobe pulses of ne gative polarity are applied to the cathode of the 
coarse range tube to produce an electronic marker in the form of a bright 
apcet on the sweep trace. 


Formation of Very Narrow Gate and 
Mectronic Marker of Fine Range indicator 


N 


Very narrow gate pulses of 0.3 microsec. duration serve to make the 
sesbiver Sutoustio tracking channel conducting son the sigaal reflected 
from the selected tax cet arrives to trigger the strobe forming circuit in 
the automatic range finder unit and to trigger the electronic marker forming 
circuit. When the very narrow gate has the above ‘duration, the range 
resolution is practically about 125 m., i-e. the antenna positioning system 
will easure accurate tracking of either of the two targets which differ in 
range bi not Baan than 125 m. (at manual range tracking). 

Used as a reference voltage to obtain. the very narrow gate is the 
sine-wave voltage of the crystal oscillator. 

‘The voltage of 7 5 Ke/s is applied to the input amplifier in the range 
mechaniem unit and then to the cathode follewer and the phase shifter. 

The phase dhifte: produses a voltage whose phase changes linearly with 
rotation of the phase shifter rotor. The latter is mechanically coupled 
to the range handwheel. The voltage shifted in phase is amplified and is 
applied to the clipper-amplifier in the range indicator unit. 


5 


The voltage at the « ner-amplifier output. has an. approximately 
square-wave form. The clipper-amplifier vcltage is used for shocking the 
oscillatory circuit in the selector grid circuit into excitation. The 


control grid of the selector produces positive and negative pulses of 
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75 Ke/se Simultaneously the selector suppressor grid is fed aath positive 
strobe pulses. ‘when the strobe pulse is timed with one of positive pulses 
of 75 Ke/s the selector produces the pulse triggering the very narrow gate 
blocking oscillator. 

The very narrow gate blocking oscillator generates anew pack-to~back 
saw-tooth pulses of positive and negative polaritye The positive pulse 
is furmished to the receiver and the automatic range finder, the negative 
one ~ to the electronic marker forming circuit which includes two blocking 
@ oscillators and a deiay line for 0.4 microsec. | 


Connected into the first cathode circuit of the blocking oscillator 





is the delay line for 0.4 microsec. opened at the ends The very narrow 

gate pulse triggers the first blocking oscillator and a positive pulse is 

developed across the cathode resistor, which is reflected from the end of 

the open line and in 0.8 microsec. appears on the cathode resistore From 
@ the cathode load two pulses shifted in time by 0.8 microsece, are applica to 
the second blocking oscillator of the electronic markere In the cathode 
circuit of the second blocking oscillator two back-to-back sawtooth pulses 
are produced which are supplied in succession to the cannes of the fine 
range indicator forming two gaps on the sweep trace, ise. the electronic 
markers | 

The range is determined accurately by setting the electronic marker 
of the fine range indicator symmetrically relative to the echo hg so 
that the end of the first and the beginning of the second mark of the 
electronic marker are equally spaced from the sweep line, the target range 
may be read on the scales of the range mechanism unit. 
Principle of Automatic Range Tracking 
A simplified functional diagram of the automatic range tracking 
@ | follow-up system is shown in Fig. 91. 
The automatic range tracki.g circuit ensures continuous automatic 
tracking of a target at the distance of 0.5 to 35 km. from the stations 
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oe cs é 
‘The automatic range finder allows the tracking of targets moving at a speed 
ig eee | ; 


@ | -22-0-10-250-n/seos— | | 


Provision is made in the mechanism for manual target tracking in range 
with the help of the manual tracking hapdwndels The target is tracked 
manually when automatic target tracking is impossible. 

To track the target automatically in angular coordinates the receiver 
aitomatic tracking channel should be made conducting at the instant the 
signal returned from the moving target arrives. The moment the very 

@ narrow gate appears is determined by the sonition obtained by the shaft of 
the phase shifter and the shaft of the strobe potentiometer, i.e. by the 
position of the range mechanism. Thus, the follow-up system must 
automaticaily rotate the range mechanism at the speed the target slant 


range changes. 





The very narrow gate pulse triggers the split gate forming circuit 
@ through a delay line of 0.17 microsec. 

Two square-wave pulses equal in amplitude and duration are obtained at 

the output of the gate forming stages, the end of the first pulse being 

@ matched with the beginning of the second. Thus two pulses are sacs tale 
aligned with the very narrow gate pulse. | Pulses of 0.6 microsec. duration 
ensure the range resolution of 200 m. 

The delay value (0.17 microsec.) is selected so that at the instant the 
pulses on the discriminator symmetrically divide the video signal, the very 
narrow gate passes the signals from the target being tracked through the 
receiver automatic tracking channel. In this case the electronic marker 
on the fine range indicator is set symmetrically relative to the target echo. 

The video, signals from the receiver range channel are amplified by the 

@ video amplifier in the automatic range finder and are furnished to the error 


signal time discriminator. The discriminator separates the target echo 


from other signals and halves it. 
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_’ The separated pulses are converted in the error signal discriminator 
& in.D.C. ee and the difference of "areas" of the separated pulses 
determines the value of the error signal. Both separating mais are 
produced during transmission of every pulse. 

The error signal is amplified by the D.C. amplifier and from the 
cathode eal Lowe is applied to the converter. Taken from the converter 
transformer secondary winding is an A.C. voltage of 50 copes. modulated by 
the error voltage. | 

& The error voltage of 50 c.p-s. is amplified by the resonance amplifier 
whose amplification factor is automatically regulated by changing the bias 
on the control grid. The bias voltage is developed by detecting (in the 
AGC detector stage) the video signal applied from the automatic tracking ° 
unit. 

The amplitude of the video signale depends upon the change on the 
target range. A decrease in the video signal amplitude (at the same error 
value between the split gate and the signal) causes a decrease of the 
error signal, as the difference of the separated pulse "areas" decreases. 
@ The AGC in the D.C. amplifier ensures constancy of the common 

amplification factor of the automatic range finder tracking system over the 
entire band of target tracking re Tange. 

The error voltage of 50 c.p.s. is applied to the control winding of . 
the automatic tracking motor in the range mechanism unit. Depending on 
the value and phase of the sorte the motor drives the range mechanism, 
following up the error signal and ensuring continuous symmetrical alignment 


of the electronic marker with the target echo signal on the fine range tube. 
3. RANGE UNIT 


® A key diagram of the range unit is presented in Fig.92 (See Album). 
The front panel and the unit top view are shown in Figs 93 and 94. 


4-/The voltage 
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The voltage wave forms in separate stages of the range. unit and their 


& time relations are shown in Fig.95. 


Crystal Oscillator 


| The crystal oscillator is designed to obtain a sine-wave voltage of 
75 Ke/s (74.955 Ke/s more precisely) having high stability in frequency. 
| The application of the epatal makes it possible to ensure constancy 
ot the frequency of the voltage produced by the oscillator within = 4 CoPeSe 
at temperature variations ‘rom -40 to +60°C. In this Bake the rangc 
@ measuring errors caused by the oscillator frequency drift do not exceed 
6 m (ata agian of up to 40 km.). 
The exystal oscillator is based on an electron~coupled circuit 
employing valve V8—1 (6K3). which functions as a self-excited oscillator and a 
sine~-wave voltage amplifier. In the oscillator Sacae the valve screen 
@ grid functions as the plate. Used as oe feedback voltage is a 
voltage developed acroes choke L8-1 located in the cathode circuit. The 
plate circuit of the valve is used to amplify the voltage of 75 Ke/s. 
The range unit is provided with two crystals K8-1 and K8~2. One of 
| & them is an operating crystal, the other is a spare one. The crystals are 
switched over by setting the snare: crystal in place of the operating one. 
When sustained oscillations of 75 ke/s are established in the circuits 
of the control and screen grids of valve V8-1 the plate current of the 
valve will contain the D.C. component of the same frequency. Connected 
into the plate circuit of the valve is the primary circuit of phase shifting 
transformer Tr8-1. . The circuit of the transformer contains two resonant 
circuits and two coupling coils. 

The phase shifting transformer produces two sine-wave voltages, shifted 
® in phase by 90° with respect to each other, which are taken from the coupling 
coils. | . 

These two voltages are fed out to the range and very narrow gate 


indicator, thence they are applied through resonant step-down transformers 


— SERDET 
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to two pairs of deflecting plates of the fine range indicator to form the 


& circular sweep. 


The primary and secoridary circuits of transformer Tr8-1 are tuned to 


the frequency of 75 Ke/s and have weak coupling between. each other. The 





weak coupling is selected to diminish the influence of one circuit on the 
























resonance curve of the other circuit. 

The primary circuit coil is tightly coupled with its coupling coil. 

These two coils have a common alsifer core with a shaft brought out on top 

@ of the transformer housing. The secondary circuit soil is also tightly 
coupled with its coupling coil and the shaft of their common alsifer core 
is brought out through the base of the transformer housing. 

The A.C. component of current I, flowing aaah coil L8-2 of the 
primary circuit creates a variable magnetic field due to which alternating 
EM.P.B,s lagging in phase by 90° from current i is induced in coil . 

& L8-3 of the secondary circuit (Fig.96). 


Electromotive force E, produces current I, in the secondary circuit 


2 2 


which in case of resonance tuning of the secondary circuit is in phase with 


2 


of the primary and secondary circuits prove to be shifted in phase by 90° 


@ electromotive force E,. Thus with the tuned secondary circuit the currents 


with respect to each other. These currents induce electromotive forces 
B and Ey in.the coupling coils, which lag the currents by the same angle 
of 90°. Therefore, the electromotive forces in the coupling coils prove to 
be shifted in phase by 90° as well. 

Provision is made in the coevatal oscillator circuit for the following 
four regulations which ensure the correct form and diameter of the sweep 
on the fine range tube: 

1. Resonance tuning of the primary circuit of the phase shifting 
transformer to the oscillator frequency. The tuning is carried out by the 


alsifer core with a shaft brought out to the top of the transformer housing 


and by variable capacitor C8-54 whose movable plate shaft is brought out 


SERRE ..-/to the 
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to the front panel of the unit and is marked GENERATOR. With resonance 
@ tuning of the phase shifting transformer primary circuit maximum voltages 

are developed across the coupling soata and, consequently, the maximum 

diameter of the circular sweep on the fine range indicator is obtained. 

2. Regulation of the diameter of the fine range indicator sweep which 
is done by changing the voltage on the screen grid of valve V8-1. The 
change of this voltage causes the change of the snot bie of the crystal 
oscillator A.C. voltage and therefore the amplitude of the voltages taken 

@ from the coupling coils of the phase shifting transformer. The screen grid 
voltage is regulated by variable resistor R8-36 whose shaft is brought out 
to the right-hand part of the unit front panel and is aarniced DIAMETER. 

3. Tuning of the secondary circuit of the phase shifting transformer 
to obtain the required phase shift between the sweep voltages. This 
tuning a carried out by the alsifer core with a shaft brought out to the 

© bottom of the transformer housing and by variable capacitor C8-58 whose 

movable plate shaft is brought out to the right-hand part of the unit front 
panel and marked PHASH. At accurate tuning of the transformer secondary 

@ circuit to the crystal oscillator frequency the phase shift between the two 
sweep voltages becomes equal to 90°. If in this case the amplitudes of 
both voltages are the same the sweep assumes the shape of correct 
circumference. When the secondary circuit is detuned the phase shift 
between the two sweep voltages differs from 90° and the sweep eeeunee the 
shape of an ellipse whose axes occupy inclined position relative to the 
planes of the tube deflecting plates. | 

4. Balancing the amplitudes of the two sweep voltages, which is 
effected by variable resistor R8-38. Its shaft is brought out to the 

@ right-hand part of the unit front panel and is marked BALANCE. 

Tuning with the aid of the alsifer wees is usually done in the 


manufacturing plants; it should not be carried out when the set is in use, 
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unless it is impossible to arrive at correct tuning by using controls 
brought out to the front panel of the unit (for instance due to considerable 
change in the climatic conditions). 

If the phase shift between the two sweep voltages is 90° though the 
amplitudes are not equal , the sweep trace assumes the shape of an ellipse 
whose axes are parallel to the planes of the tube deflecting plates. 

Variable resistor R8-38 makes it possible to change the quality ee 
of the tuned secondary circuit and thereby change the amplitude of the 
voltage taken from the appropriate coupling coil. 

It should be borne in mind that the regulation of the phase shift 
between the two sweep voltages slightly changes the relationship of these 
voltages, while the regulation of the amplitude of the voltage taken from 
the coupling coil slightly changes the phase shift between the two sweep 
voltages. Therefore when tuning the unit it is necessary sometimes to 
perform alternately both last regulation procedures (by potentiometers 
PHASE and BALANCE) until the sweep assumes the shape of correct circumference 


on the screen of the tube. 


Trigger Pulse Oscillator 

The trigger pulse oscillator employing the right-hand triode of valve 
V8-6 (6N8S) is a buffer stage placed between the crystal oscillator and 
succeeding stages which serves at the same time to convert the sine-wave 
voltage of 75 Ke/s into positive voltage pulses of the same frequency. 

The sine-wave voltage of the crystal oscillator (Fig.95, a) is applied 
to the grid of the right-hand triode of valve V8-6 through coupling 
capacitor C8-21. As the voltage rises on the grid from the plate current 
cut-off level to its maximum CE ane stage operates as a cathode follower 


and the voltage on its cathode increases approximately sinusoidally. This 





results in charging of capacitor C8-20. When the voltage on the valve 


grid begins decreasing, the rate of the voltage decrease on the cathode 


SEORET --+/proves to 
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“proves to be limited by the rate at which capacitor C8~20 discharges through 
resistor R8-25. The time constant of this circuit is about 5 Microsece y 
which results in considerably slower voltage drop on the cathode as compared 
with the grid. This brings about a rapid cut-off of the valve, after 
which ive voltage on its cathode drops exponentially until the voltage rise 
on the grid makes the vaive conducting again (Fig.97). 

With the voltage on the grid approximating +105 V relative to 
earth y the grid potential equalizes the cathode potential and the grid 
current appears in the valve which rapidly charges coupling capacitor C821. 

The time constant of the discharge circuit of this capacitor (08-071; 
R8-26) is very large (110,000 microsec.). As a result an automatic 
negative bias voltage is developed on the grid of the right-hand triode of 
valve V8-6. This voltage is approximately equal to the excess of the crystal 
oscillator voltage amplitude above the level of 105 V. The amplitude 
value of the crystal oscillator voltage is about 115 to 120 V, therefore the 
negative bias voltage on the valve grid relative to carth amounts to 
10-15 V. 

Positive voltage pulses are applied from the valve cathode to the 
control grid of valve V8-13 of the trigger pulse selector. These pulses 


are also used to synchronize multivibrator 15 Ke/s. 


TC a DS TR 


; Frequency Dividers 

The frequency of 75 Ke/s is divided by the circuit composed of three 
multivibrators in which the oscillation frequency is decreased five, four 
and two times, respectively. 

The first multivibrator producing the voltage of 15 Ke/s employs 
double triode V8-2 (6N9S). The voltage of trigger pulse oscillator causes 
the multivibrator to be synchronized and produce an A.C. voltage whose 
frequency is five times as low as that of the synchronizing pulses, i.e. a 
frequency of 15 Ko/s (Fig.95, b). Thus, the multivibrator serves as a 


SFCRE! .../To .ensure 


frequency divider. 








Declassified in Part - Sanitized Copy Approved f 
vu 





~~ 


te aie em 


r Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


0 
Ba iJ 6 ibe 2 
~ 130 - 


To ensure reliable synchronizing by the trigger pulse the multivibrator 
circuit paeeroers are selected so that its natural frequency is slightly 
less than 15 Ke/s. 

Fig.98 is a representation of charts of voltages acting in multivibrator 
15 Ke/s (V8-2), the solid lines belonging to the mode of synchronizing 
oscillations, and the anbiedenee to the multivibrator free oscillations in 
the absence of synchronizing pulses. 

Free oscillations are generated and maintained in the following way: 

When switching on the, plate voltage, plate currents flow through both 
triodes of valve V8~-23 coupling capacitor C8-5 is charged to the value of 
the right-hand triode plate voltage, while coupling capacitors (8-6, C8-7 
to the value of the left~hand triode plate voltage. 

It may be assumed that at the initial moment the currents passing 
through both triodes of the valve and, consequently, the voltages across 
the coupling capacitors are equal since load resistors R8-5A and R8-5B 
having the same jatis are connected into the plate circuits of both triodes. 
But such balance is not stable in this system. 

Any accidental change of the current flowing for instance, through 
the left-hand triode causes the voltage to change on its pistes Thus , 
for instance, a decrease of the left-hand triode current involves a voltage 
rise on its plate. This voltage rise is conducted through the coupling 
capacitor to the grid of the right-hand triode and causes an increase of 
the current flowing through it. The rise of the right-hand triode plate 
current is accompanied by a decrease of its plate voltage due to an increased 
voltage drop across load resistor R8—5B. This voltage drop is conducted 
from the right-hand triode plate to the grid of the left-hand triode 
through coupling capacitor C8-5 and causes a further decrease of its plate 
current. 

Thus, any accidental, even the smallest, decrease of the plate current 


of the left-hand triode gives rise to a process going on in an avalanche- 


GrAnrT _eee/like manner 
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like manner, which brings about a complete cutting off of this triode. In 
& this case the grid voltage of the left-hand triode drops appreciably lower 
than the cut-off level. Simultaneously coupling capacitor C8-5 begins to 
slowly discharge through the right-hand conducting triode of the valve 
through resistor R8-4. As the capacitor discharges the grid voltage of 
the left-hand triode gradually increases. + the moment it reaches tne 
eut—-cff level a plate current soseaes in the left-hand triode and the 
voltage on its plate decreases. This voltage decrease conducted through 


@ the coupling capacitor to the grid of the right-hand triode causes a decrease 





of its plate current and, consequently, an increase of the plate voltage 















which in turn is appiied through coupling capacitor C8-5 to the grid of 
the left-hand triode. Thus, another avalanche-like process of the 
nultivibrator turnover is started, which results in the conducting left- 
hand triode, and cut-off right-hand one. 
® The system remains in this state until the grid voltage of the right-. 
hand triode, which is egevadually increasing during the discharge of the 
coupling capacitor through the left-hand triode and besistor R8-7, reaches: 
©@ the cut-off level. At this moment the right-hand triode is made conducting, 
whereas the left-hand triode is cut off, ee another turnover of the circuit 
takes place. Further the wien is repeated. 
Thus the multivibrator generates oscillations whose frequency is 
> determined in the main by time constants of the ‘arid circuits, iee. the 
circuits formed by the coupling capacitors and grid leak resistors. This 
frequency is called the multivibrator natural frequency. 
In order to obtain the multivibrator oscillations with a frequency 
five times as low as that of the crystal oscillator voliage, the multivibrator 
& is synchronized by positive voltage pulses from the trigger pulse oscillator. 


‘hese voltage pulses are fed out through a differentiating circuit formed 





‘by capacitor C8-4 and A.C. resistance between the plate of the left—hand 


triode arid earth. The value of this resistance at the moment of 
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syochronization cauals the equivalent resistance of the circuit consisting 
& of a parallel combination of three resistors: the differential resistance of 
the left-hand triode (R,) and the resistance of the grid — cathode section 
cf the right-hand triode, as long as the coupling capacitance is considerably 
greater than the capacitance of C84. | 
Toe time constant of the given differentiating circuit makes up 

fractions of a microsecond, i.ee considerably shorter than the duration of the 
puises produced by the trigger pulse oscillator (43.3 microses. ). Therefore, 

ot) the plate of the left-hand triode of valve V8-2 is fed with rather short 
positive voltage pulses, small in amplitude (Fig.98, »b), which are timed 
with the mest steep part of the positive leading edge cf each pulse supplied 
from valve V8-6 (Pig.98, a). Considerably more flat negative voltage 
drops on the cathode of the trigger oscillator valve do not practically 
produce noticeable negative voltage pulses at the output of the 

® differentiating circuit, i.e. on the plate of the left-hand triode of valve 
V8~2. 
Through the coupling capacitor the short positive synchronizing 

@ voltage pulses are furnished from the plate of the left-hand to the grid of 
the right-hand triode of valve V8-2 (Fig.98, c, d). . Those pulses which 
arrive when positive or zero voltage is acting on the grid of the right-hand 
triode (pulses 0, 3, 4, 5 in Fig.98) eine noticeable charge of coupling 
capacitors C8-65 and C8--7 on account of the grid current of the right-hand 


triode. As a result at the moment of a pulse end the grid voltage of the 













right-hand triode Grops considerably below the value which was at the 
beginning of the pulse (Pig.98, d}. According to it the amplified negative 
pulse on the plate of the right-hand triode will end at more high voltage 
@ level as compared with that from which it has started (Fig.98, b). 
These negative puises exe furnished ee coupling capacitor C8-5 


from the plate of the right-hand triode to the grid of the left-hand triode. 
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As a result the grid voltage of the left-hand triode by the moment the pulse 
& ends proves to be considerably higher than the value it would be equal %o 
in the absence of synchronizing pulses (Fig.98, f). 

With properly selected parameters of the multivibrator circuit the 
positive voltage drop at the end of every fifth negative pulse, furnished 
from the plate of the right-hand triode to the grid of the left-hand triode, 
causes the appearance of the plate current in the left-hand triode and an 
agsociated avalanche-lilke process of complete opening of hs left-hand 

©} triode and cutting-olf of the right-hand triode. In this case a steep 
negative voltage drop, large in amplitude is developed cn the plate of the 
left-hand triode. | 

Thus the miitivibrator produses oscillations with a frequency exactly 
five times as low as the frequency of the synchronising pulses, i.e. the 
frequency of the crystal oscillator. 

For stable synchroneus operation of the multivibrator with the desired 
frequency the parameters of its circuit are selected so that the cycle of 
the miltivibrator natural oscillations is somewhat in excess of the five 
| @ cycles of the crystal oscillator oscillations. The frequency of the 

multivibrator natural oscillations is regulated by variable capacitor C8-6 
whose shaft is brought out to the front panel of the range unit and is 
marked 15 Ke/s. 

In the multivibrator circuit parameters are varied within small limits 
the moment the positive voltage begins dropping on the plate of the left- 
hand triode (i.e. the moment the right-hand triode is triggered) changes in 
relation to the synchronizing pulses, while the moment when the negative 
voltage drop begins to be developed on the plate (4365 the moment the right— 

@ hand triode is cut off) is always coincident with the moment of action of 
every fifth synchronizing pulse. So during the operation of the given 
multivibrator it is the negative voltage ete on the plate of the left- 


hand triode that are strictly synchronized. They are used in the circuit 


SF rae | coe rs to synchronize 
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to synchronize the maltivibrator 3.75 Ke/s and finally determine the starting 
& -moment of successive multivibrators (frequency dividers) as well as to delay 
electron relay. | 

From the plate of the left-hand triode cf valve V8-2 the puises 
(Fig.98, c) are furnished to det frequency division stage, i.e. the 
multivibrator 3.75 Ke/s employing valve V8-3 through the differentiating 
circuit formed by capacitor C8-8 and equivalent &£.C. resistance between the 
plate of the left-hand triode of valve V8-3 and earth, Due to a small 

a time constant of the clreuit (about 0.1 microsec.) the plate of the left-hand 
triode of valve V8-3 is supplied only with very short negative voltage pulses 
ef smail amplitude produced at the moment the negative voltage drops occur 
at the cutpat of the differentiating circuit (Fig.99, a, b). 

Much more flat positive voltage drops on the plate of the left-hand 
triode of valve V8--2 do not practically produce positive voltage pulses at 
the output of the differentiating circuit. 

From the plate of the Left-hand triode of vaive V8~-3 short synchronizing 
pulses are furnished through coupling capacitor C8-10 to the aria of the 

& right-hand triode (Pig.99, Cs da). The pulses that are applied to the 
grid of the right-hand triode when it is triggered (pulses 0, 3, 4 in 
Fig.99, b) are amplified and as positive voitage pulses are furnished from 
its plate (Fig.99, e) t6 the grid of the left-hand triode (Fig.99, f). 

The parameters of the circuit multivibrator are selected in such a 
manner , that the voltage on the grid of left-hand triode does not reach the 
cut-off level when acted on by the third synchronizing pulse. Only the 
fourth synchronizing oulse causes the grid voltage of the left-hand triode 
to exceed the cut-off level. In this case the circuit is turned over in 

& an avalanche-like manner, which gives start to a steep negative voltage 


drop cn the plate of the left-hand triode. Every four cycles of 





synchronizing voltage this process is repeated, Etc. 
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Thus, the multivibrator produces oscillations with a frequency exactly 
& four times as low as the oscillation frequency of the first multivibrator 


and 20 times as low as the frequency of the crystai oscillator (Fig.95, e)% 





<n this case the steep negative voltage drops on the plate of the left-hand 
| ' triode V8-~3 are timed with the moment of action of every twentieth 
synchronizing pulse coming to the first multivibrator, i.e. with every 
twentieth voltage pulse at the trigger pulse oscillator output (the cathode 
of the right-hand triode of valve V8~6). 
@ To make the synchronizing operation of the multivibrator stable it is 
necessary that. the period of its natural oscillations should be slightly 
in excess of the four periods of the synchronizing voltage (dashed lines 
in Fig.99, c, d. e, f), i-e. that the frequency of multivibrator natural 
oscillations should be somewhat less than 3.75 Ke/ Se The frequency of the 
multivibrator oscillations is regulated by variable resistor R8-12 whose shaft 
@ is brought out to the front panel of the unit and is marked "3,75: Ke/ s", 
The voltage from the plate of the left-hand tricée of valve V8-3 is 
used to synchronize the third multivibrator (miléivibrator 1.875 Ke/s). 
& In addition, this voltage is fea out to the amplifier 3.75 Ke/s oe 
ee capacitor C8-14. | | 
The multivibrator 1.875 Ke/s employing sales V8-4 (6N9S) generates a 
voltage of 1.875 Ko/ s which resembles the voltage produced by the multivibrator 
3.75 Ke/ Se This multivibrator differs from the previous one only by the 
cirsuit Ss cane teed The frequency of its natural oscillaticns is slightly 
less than 1.875 Kof So It is synchronized by every second synchronizing 
voltage pulse from the multivibrator 3.75 Ko/ @, | 
The maltivikrator natural oscillations are regulated by variable 
@ resistor R8~i6, whose shaft is brought out to the front panel of the unit 
and is marked 1.875 Ke/s. The process of the multivibrator synchronization 
is similar to that taking place in the mil tivibbator 3.075 Ko/s. 


ay »../Thus, with 
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Thus ; with proper tuning of all three synchronized multivibrators an 
@ A.C. voltage is produced on the plate of the left-hand triode of valve 
VS-4 whose frequency is exactly 40 times as low as that of the crystal 
cscillator, the negative drops of this voltage being coincident with every 
fortieth voltage pulse produced by the trigger pulse oscillator. 
The voltage from the plate of the left-hand triode df valve V8-4 is 


applied through coupling capacitor 08-31 to the grid of valve V8-12 (624) 





which functions as a limiter, and through capacitor C8-29 to the pentode 


@ erid of valve V8&-9 of the strobe delay circuit. 


. Amplifier 3.75 Ke/s 
The amplifier 3.75 Ke/s employs valve V8-5 (6P3S). The plate load 
of the valve is the primary circuit of phase shifting transformer Tr8-2 
tuned to the frequency of 3.75 Ke/s. Therefore, when the valve grid is fed 
@ with an A.C. voltage of an approximately square-wave from the mul tivibrator 
3.75 Ke/s, A.C. voltages of the same frequency, whose wave~form is more 
closé +o the sinocwaves ate developed across the phase shifting transformer 
windings » The autotransformer coupling of the primary circuit with the 
& plate circuit of valve adds to improving the vaSeBont of the voltages 
acting across the transformer windings. | 
Phase shifting transformer Tr8-2 operates in the same way as the 
above phase shifting transformér Tr8-1 and produces two voltages which are 
used to form a circular sweep on the screen of the coarse range indicator. 


To ensure a correct form of the sweep trace on the coarse range 





indicator the following controls are provided for: 









1. Regulation of the sweep diameter by variable resistor RS-21 o With 

the help of this variable resistor the voltage feeding the screen grid of 

& valve V8-5 is varied. As a result the valve grid-plate transconductance 
changes and so does the amplitude of the plate current A.C. component. The 


shaft of the variable resistor is brought out to the left-hand part of the 









unit front panel and is marked D 


HU dats 
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2. Tuning of the secondary circuit of the Shaee shifting transformer 
@ vy variavie capacitor (8-65, ‘The capacitor shaft is brought out to the 
left-hand part of the unit front panel and is marked PHASE. 

-3. Regulation of the amplitude of the voltage taken from the secondary 
circuit, which is made by vaniaune resistor R8-19. The shaft of the 
variable resistor is brought out to the left-hand part of the unit front 
panel and is marked BALANCE. | 

The operation of the above controls does not differ from those of the 

& | fine ines indicator seed: | 

Besides, the primary and secondary circuits of the phase shifting 
transformer are tuned by the cores of the circuit coils. The core pins 
are located at the top and bottom on the transformer adv . The tuning by 


these cores is usually done at the Manufacturing plant. 


@ Limiter 


The limiter employs valve V8-12 (624). It is designed to generate 
an. A.C. voltage with rather steep edges whose wave-form is nearly square. 
The voltage that is the output of ‘iis aati eteates 1.875 Ke/s is Fy 
& applied from the plate of the left-hand triode of valve V8~4 to the valve 
control grid through coupling capacitor C8-31. 
The distinctive feature of the limiting stage is a comparatively 
small time constant of the coupling circuit through which the input voltage 
is applied to the valve. The difference between the time constant of the 
“goupitine circuit (1000 microsec.) and ier pared oF the multivibrator 
42875 Ke/s voltage (536 microsec.) makes it possible to obtain more correct 
square-wave form of the voltage on the valve plate. ‘ 
If the time constant of the coupling circuit were considerably 


@ greater than the period of the input voltage the multivibrator plate voltage 


would be conducted to the valve grid almost undistorted, and practically 





(due to grid detection) the grid voltage chart would be located below the 






zero line and only its peaks would, be slightly above zero. 
“ERDET 


2 a a. 
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Actually due to comparatively small value of the coupling circuit 
& time constant the grid voltage of the limiter valve noticeably differs in 
its wave-form from the output voltage of the multivibrator 1.875 Ko/s. 
During the action of the negative voltage on the grid of valve V8-12 
capacitor 08-34 ig charged. rather quickly. As a result the valve grid 
voltage rises more rapidly than the voltage on the multivibrator plate. 
Thus, by the moment the right-hand triode of the multivibrator 1.875 Ke/'s 
is cut off, the grid voltage of the limiter valve almost reaches the cut-off 

@ | level, i-e. the limiter amplifies only tne more steep initial section of 
the positive pulse edge of the multivibrator 1.875 Ke/s. 

When the voltage on the limiter grid reaches zero level the grid 
current gives start to a rapid charge of capacitor C8-31. In this case 
as a result of a small value of the equivalent resistance of the grid - 
cathode section the grid voltage does not noticeably dine above Zero. 

@ At the moment when the negative voltage drops on the multivibrator | 
the grid voltage of the valve sharply falls appreciably below the cut-off 
level. 

@ , Fig.100 shows the charts of the grid and plate voltages acting in the 
limiting stage. As seen from these charts the output voltage of the 
limiter valve has a wave—form which is much closer to the square-wave than 
the multivibrator voltage. | 

Resistor R8-53 connected into the valve cathode circuit serves to 


create current negative feedback which is weakened in the high-frequency 


region by capacitor C8-32, shunting resistor R8-53 (the time constant of 





this circuit makes up 150 microsec., i.e. considerably less than the 
period of the input voltage). 


e The application of the negative feedback with the rise of the high- 





frequency components adds to an increase of the voltage drop steepness at 


| SECRET .+./It should 
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It should be noted that the most steep voltage drops at the limiter 
. @ output as is seen from the above analysis of the synchronized multivibrator 

operation, are always timed with the moment of action of every fortieth 
voltage pulse at the output of the trigger oscillator (the cathode of the 
right-hand triode of valve v8-6). 

The limiter output voltage is applied through the differentiating 
circuit to the input of the gating delay and trigger pulse electron relay 


and its positive drops make this relay operative. 


@ Trigger Pulse Formation 
The trigger pulse forming circuit consists of a gating and trigger 
pulse delay electron relay (V8-7), a strobe—pulse width electron relay 
(v8-1 Ai. Gi cathode follower (V8-6A) and trigger pulse selector (v8-13). 
The simplified diagram of the gating and trigger pulse delay electron 
@ relay is presented in Fig.101. The electron relay utilizes valve V8-7 
(6N8s). The plate circuits of both triodes of the valve are provided 
with resistors R8-35 and R8~32 AB having approximately the same resistance 
value, whereas the common cathode circuit of the valve — with resistors 
@ _—_ 88-30 ana 8-31. 

. The erid of the right-hand triode is connected through coupling capacitor 
C8~23, with the plate of the left—hand triode and through high-resistance 
resistor R8-34 to the +270-volt plate supply. The grid of the repens ; 
triode is supplied from the slider of variable resistor R8-27 through | 
resistor R8~29 with a positive voltage whose magnitude can be regulated 
from 0 to +20 Ve 

The shaft of variable resistor R8-27 is brought out to the front Sager 
of the unit and is marked TRIGGER PULSE DELAY. 
@ The functioning of the delay electron relay is illustrated by the 
charts presented in Fig.702, a, b. | 
The positive square pulses from the limiter output are applied to the 


erid of the left-hand triode of valve eel through the differentiating 


Cranberry a+ Parmad 
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circuit formed by capacitor (8-22 and resistor R8-29.. The time constant 
@ of this circuit approximately equals 0.5 microsec. due to which the grid is 


fed in succession with only short spike pulses of positive and negative 
polarity which coincide with positive and negati ive drops of the limiter 
output voltage. 

Before the positive voltage pulse is applied to the grid of the left- 
hand triode the right-hand tricde of valve V8-1 is sonduating: Due to 
large resistance of R8-34 in tie orld circuit of the right-hand triode its 

& ; said potential is practically equai to the valve cathode potential. When . 
| the plate current of the right-hand triode flows, a voltage drop of about 
40 V is developed across resistors R8-30 and R8-31, placed in the common 
cathode circuit of the valve. 

Thus, if, for instance, the grid of the left-hand triode is fed from 

variable resistor R8-27 with a voltage of +16 V (relative to earth), the 
® potential difference between the grid and the eatiods equals -24 V, the 
triode is cut off and the voltage on its plate equals +270 V (relative to 
earth). In this case capacitor Cd~23 proves to be charged to a voltage of 
& +220 V. | 

This state of the circuit is stable and the circuit can remain in 
this state until the voltage pulse is applied to the grid of the left-hand 
triode of valve V8~7. 

At the moment the positive voltage drop of the limiter occurs the grid 
of the left-hand triode of valve V8—7 is supplied with a sick positive 
voltage pulse which causes the left-hand triode to conduct and the voltage 
on its plate to decrease. This voltage decrease is conducted through 
coupling capacitor C8-23 be the grid of the right-hand triode, which 

© results in the plate current of this triode being decreased. This causes 
a deaneaee of the voltages drop across the valve common cathode resistor 
and, consequently, a decrease of the negative grid voltage on the valve 
left-hand: triode in absolate: magnitude. | 


3 OE “ey As a 
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As a result the plate current goes on to increase and the plate voltage 
on the left-hand triode decreases: Thus, an avalanche-like process of 
the circuit turnover develops ending in complete cut-off of the right-hand 


triode of the valve. The value of the plate current flowing through the 


‘left-hand triode after the turnover depends on the value of the voltage 


applied to the grid of this triode from potentiometer R8-27. This current 
is considerably smaller than that which has flown through the right-hand 
triode before the turnover, since the grid of the right-hand triode is 
connected to the positive voltage supply. 

After the circuit has been turned over, capacitor C8-23 Geatus 
recharging comparatively slowly through a parallel combination of resistor 
R8-35 and resistance between the plate of the left-hand triode and earth 
and series-connected resistor R8-34. During the recharge the grid voltage 
of the right-hand tricde is. increases. The electron relay circuit 
remains in this new cengorese steady state until this gradually increasing 
voliags seaclies the value of the cut-off voltage. 

At this moment the plate current appears in the wignehaad taiods due 
to which the total voltage drop across the common cathode resistor increases 
and, consequently, the grid voltage on the left-hand triode decreases. A 
decrease of the plate current of the left-hand triode brings about an 
increase of the voltage on its plate, which through coupling capacitor 
C8-23 is slowly passed to the grid of the right-hand triode and causes a 
further rise of its plate current. 

Thus, St iet ta given to a second avalanche~like process. As a result 
the circuit is returned to the initial position and remains in it until 
the next positive voltage pulse is applied to the grid of the left-hand 
triode. 

If the grid of the valve left-hand triode is supplied with higher 
positive voltage (relative to earth) the plate current of the left-hand 


triode, when the circuit is turned over, will be greater. Asa result 


si Bud, CEP RET es /: the negative 
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the negative voltage drop on the plate of the left-hand triode and on the 

| grid of the right-hand triode during be suenevee of the circuit increases, 
and the cathode potential and the voltage level, at which the right-hand 
triode is cut off with the circuit turned over, increases (Fig.102, b). 

Thus, the time during which the right-hand triode is cut off increases and 

so does the duration of the voltage pulse aroaucéa by the electron relay. 

| The negative square pulses are applied from the plate of the left-hand 
triode cf valve V8-7 to the grid of the left-hand triode of valve V8-14 of the 
strobe-vulse width electron relay through the differentiating circuit | 
composed of capacitor C8-37 and resistor R8-67. 

At the moment cf the negative voltage drop the grid of the left-hand 
triode of valve V8-14 (6N8S) is fed with a short negative voitage pulse 
which does not affect the valve state. At the moment of the positive 
voltage drop across the input of the differentiating circuit, i.e. at the 
moment the delay pulse is no longer applied, the grid of the Veftcuand 
triode of valve V8-14 is supplied with a short positive voltage pulse 
which triggers the strobe--pulse width Seinen Relay (Fig.103, a, b). 

The circuit and the operating principle of the strobe-pulse width 
electron relay are the same as those of the delay electron relay. The 
strobe-pulse width electron relay differs from the latter by the circuit 
parameters. pontaes: it has no pulse duration control. The width 
slectren relay produces square strobe pulses of 9 microsec. dueetion 
(Fig.103, a). 

The positive strobe pulses produced on the plate cf the right-hand 
triode of valve V8-14 are applied through coupling capacitor C8-19 to the 
grid of the left~hand triods cf valve V3-6 which functions as a cathode 
follower. | 

The cathode follower is used to cancel out the effect of the next 
selector valve V8—i3 on the operation of the strobe-pulse width electron 
relay. 


- 42e/The trigger 
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The trigger wales selector, employing valve V8-13 (6P9) is a final 
link of the trigger pilaa forming circuit. 

The control grid of this valve is supplied from the power pack with a 
negative voltage of about -5 V through resistor R8+61. But when the valve 
is operating the negative bias on its control grid is much greater as 
absolute value than 5 V. The positive voltage pulses are furnished from 
the trigger oscillator output, ee from the cathode of the right—hand 
tricde of valve V8-6 to the control grid of the valve (V8&-13) through 
coupling capacitor C8~35. 

The time constant of the coupling circuit formed by capacitor C8-35 and 
resistor K8-61, equals 2200 Microsece , i.e. very large as compared with the 
repetition rate of these pulses equal to 13.3 microsec. Due to the grid 
detection and large time constant of the discharge einoult: oe capacitor 
C8-35 (relative to the charge circuit) the automatic bias negative voltage 
is maintained on the control grid of the valve. At this voltage peaks of 
the grid voltage chart are slightly above the zero line (Fig.103; f). Thus, 
in time intervals between the voltage pulses of 75 Ko/'s valve V8~13 is 
cut off on the control grid. 

The screen grid of the valve is supplied from the power pack with a 
voltage of about ~34 V through resistor R8~62 so that the valve proves to 
be cut off on the screen grid. The screen grid is supplied by the cathode 
follower with positive strobe pulses through coupling capacitor C8~36 | 
(Pig.103, e) with a repetition frequency of 1.875 Ke/seo. 

The valve (V8-13) is made conducting when the strobe pulse coincides 
with the peak of cne of the voltage pulses of 75 Ke/s fed from the trigger 
pulse oscillator. With selected frequency relationship and the width of 
the strobe pulse (9 microsece ) sien than the voltage cycle of the trigger 
pulse oscillator (13.3 microsec.) coincidence may take place only once 


every 40 voltage cycles of the trigger oscillator. 
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By regulating the strobe pulse delay trigger pulses may be produced | 
@ by the action of any of the first five voltage pulses of 75 Ke/s CBy50y Ds 3 
E, F, in Fig.103, f) following the pulse that has caused triggering of the 
Celay electron relay. | | 
The delay is regulated by variable resistor R8--27, whose aioe is 
brougat out to the Basak went of the unit and is marked TRIGGER PULSE 
DELAY. This shaft is set in such a position at which the strobe pulse 
happens to be matched with the third voltage pulse of 75 Ke/s (pulse D in 
@ Fig.103, f). Thus, the trigger pulse generated by valve V8-13 is delayed 
for a period of 40 microsec. relative to the moment of triggering the gating 
and trigger pulse delay electron relay. . Such delay of the trigger pulse 
is caused hy the fact that the strobe delay circuit does not provide a 
delay that is less than 10 or 15 microsec. puptng wriggering of valve 
V8-13 negative pulse is produced on its sate (Fig.103, g). 

From the plate of valve V8~13 the elder pulses are furnished through 
coupling capacitor C8-34 to the primary winding of step-dowm pulse transformer 
Tr8—3. This transformer is required for matching the output resistance of 
& the selector stage with the low input resistance of the cable through which 

the trigger pulse voltage is conducted to inieeer the transmitter and the 


plan-position indicator system. 


Coarse-Range Tube Gating 
The circuit forming the coarse range tube gating consists of a gating 
delay electron relay (v8~-7) which is simultaneously used for the trigger pulse 
delay. The operation of this relay is detailed seers: The gating and 
trigger pulse delay is simultaneously Agailated by Sotentionates R8-27 
whose shaft is brought out to the front panei of the unit and marked 


& TRIGGER PULSE DELAY. 





The positive pulses of the square-wave voltage taken from the plate 


of the right-hand triode of valve V8-7 with the wide gating switch in 
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pesition 0 ~ 40 kn., are furnished through the differentiating cirevit to 
@ the gating width electron relay (V8-15, valve of the 68s type), whose 
simplified diagram is presented in Fig.104. 

- This circuit is aimiian “te that of the frequency division multivibrator 
considered above, and differs from it in the arrangement of the grids of 
both triodes of the valve which are connected through resistors not to 
the cathodes but to the D.C. voltage supplies. 

The grid of the left-hand triode of valve V8-15 is supers sa with a 
6 positive voltage of about +4 V from the divider formed by resistors R8-70 
and R8-~78, while the grid of the right-hand one with a negative voltage of 
~34 V from the power pack. As 3 result the circuit cannot operate as an 
autodyne and in the absence of trigger pulses the left-hand triode of the 
valve is always ccenducting, whereas the right-hand one is cut off. 
Positive voltage pulses from the gating delay electron relay and the 
@ trigger pee: are applied to the grid of the left-hand triode V8-15 
throvgh the @ifferentiating circuit composed of the capacitor C8~39 and the 
equivalent A.C. resistance between the grid of the left~hand triode and earth. | 
& The time constant of 4s coupling circuit is found to be very small 
ag compared with the delay pulse duration. Therefore, the grid of the 
left-hand triode at the beginning of the delay pulse is supplied with a short 
positive pulse, while at the end of the delay pulse, with a negative voltage 
pulse. | 


The positive voltege pulse, coming to the grid of the conducting 





triode, cannot change the circuit state, while the negative pulse gives 
start to an avalanche-like process of cutting off the left~hand triode and 


triggering the right-hand one, i.e. triggers the electron relay. 





@ The duration of the circuit turnover is determined by the rate of 
discharge of capacitor C8-4i, during which the grid voltage of the left-hand 


triode rises steadily. At the moment it reaches the cut-off level a 
SECRET »e-/second avalanche-like 
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second -avalanche-like process occurs which daubes the circuit to return to 
@ _— the initial position. 

Generated on the plate of the left-hand triode are positive pulses of 
the square-wave voltage with an amplitude of about 100 V wis oh are used 
for gating the sweep on the coarse wanes indicator. 

The duration of these pulses is regulated by variable resistor R8-77 
whose shaft is brought out to the front panel of een and is marked 

GATING WIDTH. 

| @ Despite iis fact that the gating and trigger pulse are delayed and 
regulated by the same electron relay, the beginning of the coarse range 

| indicator sweep gating somewhat precedes the end of the transmitter pulse. 

When regulating the pulse duration, shaft GATING WIDTH is set so that 
almost the eonplere inci of the coarse range sweep (about 39 km. on the 


range scale) will be gated. 


Strobe Pulse Formation 

The strobe pulses serve to form the very narrow gate, to gate part of 

the fine range indicator sweep and a small part of the sweep on the coarse 
& vange indicator and the indicator of the plan-position indicator. 

The strobe pulse forming channel is composed of a delay circuit . 
(Fig.106), consisting of trigger valve V8-9 (624), control valve V8-10 
(624), limiter V8-11 (6H6S) and quenching valve V8-17 (6P9) and gating 
width electron relay, employing valve V8-16 (6N8S). 

The voltage from the multivibrator 1.875 Ko/ s is applied to the 
suppressor grid of the strobe delay circuit triggering valve through the 
differentiating circuit formed by capacitor C8-29 and resistor R8-6. 

‘ | In the absence of the voltage pulses supplied by the multivibrator 
@ 1.875 Ke/s, the triggering valve is conducting as its control grid is 
| connected through resistor R8-55A to the plate eel tags supply of +270 V. 


The valve circuit conducts the plate current: which sets up a voltage drop 
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of about 220 V across resistors R8-69 and R8-93, which results in the 
voltage on the valve plate relative to earth being equal to about 50 V. 

Tes suppressor grid of control valve ¥8—10 ie connected to the mid- 
point of the divider, composed of resistors R8~-10 and R5-14, which is 
connected puteen the plate of the triggering valve and the point under 
210 V supplied from the automatic range finder power pack, therefore, the 
voltage on the suppressor grid is found +t be equal to approximately - | 
80 V. With such a voltage on the suppressor grid the control valve is 
cut off on the plate circuit. The plate of the control vaive is connected 
to that of triode V8—-iiA whose cathode is supplied with a positive voltage 
of +215 V. from the divider, formed by resistors R8~33 and R8~45 AB, and 
through resistor R8-59 to the plate voltage supply of +270 V. 

Provided the voltage on the diode cathode is less than that of the plate 
supply, the current will flow through resistor R8-59 and diode V8-11A. 

The differential resistance of the conducting diode is negligible and, 
therefore, the voltage ae plate and, consequently, on the plate of the 
control vaive is set equal to +215 V. | 

When the trigger valve is acted on by the negative pulse produced as 
a result of differentiation of voltage pulses supplied by the multivibrator 
1.875 Ko/s, the plate sees of the trigger valve sharply decreases while 
the plate voltage sharply increases. 

The positive voltage drop is applied through coupling capacitor C8~67 
to the suppressor grid of the control valve removing the cut-off bias on 
suppressor grid and the plate current appears in the plate circuit of this 
valve. ‘The current decreases the plate potential of the control valve. 
The voltage decrease is conducted through coupling capacitor C8-30 to the 
control grid of the trigger valve, thereby adding to its cut-off. This — 
turn increases the plate voltage of the trigger valve and the voltage on 
the pentode grid of the control vaive. The process resulting in cutting 
off the trigger valve | triggering the control valve goes on in an 


avalanche-like manner. SF PRET , 
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Simul taneously the napative Voltage drop on the plate of the control 
@ _ valve is conducted through coupling capacitors C876. and C8-77 (Fig.92, 

_ see Album) to its control grid, thus opposing the plate current rise. At 
the end of the avalanche-like process the voltage on the control grid is 
found to be approximately equal to the cut-off voltage. At the moment the 
voltage drops on the plate of the control valve diode V8-11A is cut off. 

After the avalanche-Like process is over coupling capacitors C8—76 
and C8-77 begin discharging through an equivalent resistance composed 
& of parallel connected resistors R8-59 and DiC. resistance of valve V8-10 
as well as resistor R8~55B connected in series with them. As coupling 
capacitors C8-76; C8~77 discharge, the control grid voltage of valve 
V8-10 gradually rises. This rise fauolves an increase of the plate 
current of control valve V8-10 and, sonsequentiy, a decrease of the voltage 
on its plate, which in turn is conducted through coupling capacitors 
®@ C8~77, C8~-76 to the control grid of valve V8-10, thus Shaves a voltage 
rise on it. As a result, the plate voltage drops at a constant rate, 
i.e. linearly. : 
@& The voltage drop cn the plate of valve Wo~10 is applied through 
| coupling capaci rer C8~30 to the control grid of the trigger valve ee 
keeping it cut off. 
The linear voltage drop on the control valve plate stops at the moment 
it becomes equal to the plate voltage of diode V8-11B. 
Diode V8-11B is connected into the positive feedback circuit of. the. 
quenching valve V8~17. | In this case the quenching valve (V8-17) is 
conducting since its control grid due to connection of leak resistance 


R8-96 to the positive voltage supply, is under a low positive voltage 





® (fractions of 2 volt) and a heavy. cathode current of valve V8-17 flows 


through the secondary winding of feedback transformer Tr8—4. 





When the plate voltae Soe tHE COREFOL VALVE veConTES-eqUAl to the plate 


of 
voltage of diode V8-11B, tHe diode DRetny: to conduct aie positive 


a 
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feedback circuit of the quenching valve. The diode current sets up a 
& voltage drop across resistor R8-49, due to which the plate potential of 
diode V8-11B decreases and the negative voltage drop on the diode plate is 


applied through coupling capacitor C8-51 to the control grid of the quenching 





valve, thus decreasing its cathode current. The negative pulse produced 
on the quenching valve cathode further reduces the cathode potential of 
diode V8-11B, thereby decreasing the quenching valve current. 
Thus, due to the positive feedback through secnaeonaes Tr8-4 the 
@ quenching valve is quickly cut off and the negative voltage aie which 
| appears in its cathode circuit passes via coupling capacitor C8-74 to the 


control grid of the control valve, thus cutting it off. This leads to an 





increase of the voltage on the control valve plete and, consequently, to 
an increase of the potential on the control grid of the trigger valve. 
| The trigger valve is made conducting, the voltage on its grid drops 
& and so does ihe voltage on the suppressor grid of the control valve. The 
described process goes on in an avalanche-like manner. After the plate 
voltage of the control valve has dropped linearly, thes sakes trailing edge 
@ is formed on the plate of the trigger valve. The trailing edge is the 
| steepest section as the voltage drop on its plate is limited only by 
spurious capacitances, while the voltage rise on the control grid plate goes 
on with the time constant determined by capacitors C8-30, C8-76, C8-77 and 
_ resistor R8-59. 

An increase of the control valve plate voltage causes an increase of 
the cathode voltage of diode V8-11B, the diode stops conducting and the 
quenching valve is triggered. 

The voltage rise on the plate of the control valve lasts until it 
reaches the cathode voltage of diode V8-114, ioe. +215 V. From this moment 
the diode is conducting and Aisives ‘voltage rise on the control valve Blake 


ceases. 


SFCRET -.ee/The trailing 
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The trailing edge of the voltage pulse produced on the trigger valve 
® plate is used for triggering the strobe-pulse width electron relay. The 
moment the pulse trailing edge appears on the plate of the trigger valve 
is determined by the duration of the linear voltage drop on the plate of 
the control valve. The duration of the linear drop is in turn regulated 
by the voltage change on the plate of diode v8-118. Voltage to the diode 
plate is applied from the mid-point of strobe delay potentiometer R4-21 
@ placed in the range mechanism unit and kinematically coupled to the range 
handwheel. 

Rotating the eet handwheel clockwise decreases the plate voltage of 
diode V8-11B (voltage taken off the potentiometer mid-point) and therefore, 
increases the duration of the linear voltage drop on the control valve plate. 
In this case the trailing edge of the voltage pulse on the plate of valve 

@ vV8-9 is shifted in time while triggering the strobe width electron relay. 

The circuit parameters are selected so that the duration of the linear 
voltage drop on the plate of the control valve and, consequently, the 
appearance of the pulse trailing edge on the trigger valve plate can be 

® regulated by changing the voltage on the plate of diode V8-11B, taken off 
the mid-point of the strobe delay potentiometer, within the range of 15 to 
320 microsec., which covers the required range band of 40 kn. 

It is necessary that the strobe pulses should be produced simul taneously 
with the transmitter pulses with the strobe delay potentiometer slider in 
one extreme position corresponding to zero position of the range mechanism 
seales and with the other extreme position correspending to 40 kn. distance. 

Voltage to the strobe delay potentiometer..(R4-21 ) is fed from the 
divider composed of resistors R4-22, R4-27, R4-23, R4-24AB, R4~25 and 

@ R4~26 located in the range mechanism unit. The strobe initial position 


corresponding to zero range is regulated by variable resistor R4+23, 





whereas the strobe position corresponding to 40 kn. range, by variable 


oe ./resistor R4-25. 
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resistor R4-25. Tne slotted shaft of both resistors are brought out to 
@ the front panel of the range mechanism unit and are marked STROBE CONTROL, 
BEGINNING ~ END. . 
Fig.106 shows the location of strobe pulses in time at tus extreme 
- positions of the slider of strobe delay potentiometer R4-21. 
The voltage pulse trailing edge on the trigger valve plate is used to 
trigger the strobe pulse width electron relay employing valve V8-16 of 
the 6N8S type (Fig.92). The electron relay is similar in design and 
@ operating principle to the gating width electron relay and differs from it 
by the circuit parameters. The duration of the strobe pulses produced by 
the strobe-pulse width electron relay is regulated by variable resistor 
R8-88 whose shaft is brought out to the front panel of the unit and is 


marked STROBE WiDTH. 





The strobe-width electron relay produces the following two pulses: 
e te The aapatiad strobe pulse of 15 — 20-voit amplitude taken from 
resistor R8-51. The pulse is furnished to the cathode of the coarse 
range indicator and is used as an electronic marker. When rotating the 
@ range handwheel, the electronic marker moves along the sweep trace 
brightening separate sections of the coarse range indicator sweep. When 
setting the electronic marker to the target echo, an approximate target 
. range (within 1 km.) corresponding to this setting can be read i the 
coarse range indicator scale. 

2. The positive strobe pulse of 110 - 120-volt amplitude taken from 
the right-hand plate of triode V8~16. The pulse is used for gating the 
sweep of the fine ‘bua indicator and triggering the selector valve of the 
very narrow gate circuit. Besides, the pulse is applied to the plan- 

& position indicator unit to brighten a sweep section corresponding to the 
set range on the range indicators. Strobe pulses are furnished to the 


very narrow gate and range indicator-and the plan—position indicator 


SECRET veo / through long 
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through long shielded cables. Therefore, in order to keep as steep as 
® possible the slope of the strobe pulse edges, which may be made less steep 
by large capacitance of the cables, the strobe pulse voltage is fed to 


these units through a cathode follower utilizing valve V8-8B (6N8S). 


Cathode Follower 15 Ke/s 


The cathode follower 15 Ke/s (Fig.107) employing valve V8-8A (the left 


half of valve V8-8) serves to produce negative voltage pulses supplied to 





' the plan-position indicator system for controlling the range marker forming 
@ circuit. 

The multivibrator (15 Ke/s) voltage is applied to the grid of the 
cathode follower through a differentiating circuit formed by coupling 
capacitor C8-25 and resistors R6~-39 and R8-40. Thus obtained on the grid 
are positive and negative pulses of 15 Ke/ s frequency. 

& The amplitude of the positive voltage pulses, obtained as the result 
of differentiation of flat and small positive voltage drops of the — 
multivibrator 15 Ke/ sis appreciably lower than that of the negative pulses, 
because in addition during their formation resistors R8-39 and R8-40 are 

@ found to be shunted by grid - cathode conducting section of valve V8-8A. 

. The negative voltage pulses on the cathode follower grid corresponding 
to synchronized fronts of the multivibrator voltage 15 Ko/ s have an 
amplitude of about 100 v. 

The operation of the negative voltage pulses which trigger the range 
marker forming Biot should not be confined to the valve cutting off, 
because cf this the control grid of the cathode follower is supplied with 
positive voltage taker. from divider R8~39, R8-40. As a result the bias 
voltage on the grid (relative to the cathode) equals zero. With such 

@ bias on the grid the negative voltage wieaes obtained due to differentiation 
of voltage pulses of the mul tivibrator 15 Ko/ s pass easily through the 


cathode follower without cutting it off. 


eee 7 The wave—forms 
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The wave-forms of voltages acting in the cathode follower circuit are 
presented in’ Fig.107. 


‘The negative voltage pulses of 15 Ko/s are taken off cathode load 


‘RB-41 and are furnished to the plan-position indicator unit to trigger the 


range marker forming ‘circuit. 
4. RANGE AND VERY NARROW GATE INDICATOR UNIT 


The range and very narrow gate indicator unit is designed to observe 
the signals reflected from the target visually and to select the tracked 
target by matching the electronic marker with the target echo. 

Formed in the unit are very narrow gate pulses of 0.3 microsec. 
duration which control the automatic tracking channel of the receiving 
system. 

The front and the top view of the unit is presented in Figs 108 and 
109, whereas the key diagram in Fig.110 (See Album). The range and very 
narrow gate indieeton unit is comprised of the indicator Serena final 
stages of the very narrow gate and the fine range indicator electronic 
marker forming vircuit. Used as indicators in the unit are two cathode—ray 
tubes, type 8LO30 : a coarse range indicator (V3-7) and a fine range 
indicator (V3-6). Location of the echo signal on the sweep circular traces 
of the range indicators determines the target slant range (Fig.245). For this 
purpose the operator rotates the handwheel to match the electronic markers 
of the fine and coarse range indicators with the target echo signal and 
reads the range off the range mechanism scales. 

The circuit indicator part is composed of two cathode-ray tubes, four 
resonant transformers and a voltage divider. 

The cathode-ray tubes are provided with two pairs of deflecting plates 
at right angles to each cther and an additional deflecting electrode 
sealed in the screen centre (the central electrode). 
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The deflecting plates of the fine range indicator (V3-6) are fed with 


@ sine-wave voltages of 75 Ko/ 3 from the secondary windings of resonant 





transformers Tr3-2 and Tr3-3 (Fig.110). The primary windings of these 
transformers are supplied with voliage from the range unit phase shifting 
pales nes Tr8-1 through contacts 7 and 3 of connector Zw3-2. 
To match the susen centre with the centre of the fine range indicator . 
soreen one deflecting plate of each pair is connected through leak resistances 
(R3-6, R3-9) to earth, anc the other two plates to the sliders of 
@ potentiometers R3-27, R3-26 through resistors R3-7, R3-8. The potentiometers 
are fed with a voltage of -100 V from resistor R3-22 of the -1.700-volt 
divider ard +100 V from resistor R3-28 of the +490-volt divider. The 
potentiometer sliders are set so that the centre of the sweep coincides 
with that of the indicator. The slotted shafts of both potentiometers 
are brought out to the front panel of the unit and are marked CENTRING. 
The sweep voltage is applied to the coarse range indicator (V3-7) 
from step-up resonant transformers Tr3-4, Tr3-5, tuned. to a frequency of 
3.75 Ke/ Se | 
@ The step-up resonant transformers are tuned in resonance with the 
applied voltages by means of alsifer cores. The eedermnee tuning permits | 
an additional filtration of output voltages from harmonies ieherent to the 
voltages produced by the phase shifting transformers of the range unit. 


Voltage is applied to the primary windings of these transformers from 





the range unit through contacts 8 and 10 of blade connector Zw3-2. 









The centre of sweep 40 km. is set with the help of two potentiometers 
R3-31, R3-32, which are connected in parallel to potentiometers R3-26, 
R3-27. Voltage from the potentiometers is fed to the horizontal and 
fo] vertical deflecting plates through resistors R3~36 and R3=34. The other 
two plates are earthed through resistors R3-35 and R3~33. 
The shafts of potentiometers R3-31 and R3+32 are brought out to the 


front panel of the unit and are marked CENTRING. 


% = 
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Yoltages to the electrodes of the fine and coarse range indicators 
@ are taken out from a divider formed by resistors R3-13 - R3-22. ‘The 

divider is fed through high-voltage connector Zw3-3 with a voltage of 
-1700 V from the rectifier of the power pack. of 4a range measuring and 
plan-position indicator systems. | | 

Voltages to the cathode-ray tube electrodes are taken out from 
potentiometers R3-13, R3-14, provided in the voltage divider. Turning 
the potentiometer Jobs changes the sweep brightness. The knobbed shafts 

& of potentiometers R3-13, R3-14 are brought out to the front panel of the 

unit and marked BRIGHTNESS. 

Voltages to the first anodes of the cathode-ray tubes are applied from 
potentiometers R3-16, R3-17, whose knobbed shafts are brought out to the 
front panel of the unit and marked FOCUS. “By operating these lmobs the 
beam is focused. 

The second anodes of the fine ana coarse range indicators are earthed, 
while the cathodes are connected to one of the divider points under a 
negative voltage of somewhat lower than —1 JOO V. 

& Voltage to heat the cathode-ray tubes is applied from special 
transformer Tr3-1, whose secondary winding is provided with hneyoltass 
insulation because it is under -1700 volts relative to earth. To brighten 
the sweep of the coarse range indicator, strobe pulses of positive polarity 
eae furnished to the control electrode of the indicator from the range unit 
through capacitor C3-8. Fed to the cathode~ray tube cathode through 
capacitor 03-13 are positive pulses of the electronic marker which create 
two gaps on the sweep of the fine range indicator. 

To brighten one revoluticn of the sweep the control seotiers of the 
@ coarse range indicater is supplied with positive strobe pulses totes 
capacitor 03-12. The cathode of the coarse range tube is fed through 


capacitor 03-7 with negative strobe pulses which create an electronic 
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marker on the coarse range indicator. The voltage pulses of the target 


@ _ echo signals are applied from the range channel amplifier output to the 


central deflecting electrodes of the cathode-ray tubes through connector 





tw3-4. 

The circuit supplying voltage to the central electrodes of tubes 
connected to éach other is provided with selector switch W3-1 located on 
the front panel of the unit and marked OPERATION -— CHECK. 

When setting selector switch W3-1 in position CPERATION the voltage 

@ pulses of the target echo sais are fed to the central electrodes of the 
cathode~ray tubes. 

With selector switch W3-1 in position CHECK the fine and coarse range 
indicators are used for checking voltages applied to the central electrode 
when testing units through connector Zw3-7. Connector Zw3-7 is located 
on the:front panel of the unit and is marked CENTRAL ELECTRODE. 

The range and very narrow gate indicator unit accommodates the final 
stages of the circuit forming the very narrow gate and electronic marker | 
of the fine range indicator. 

@ The wave-forms of the voltage acting in the very narrow gate and 
electronic marker circuit and their time relationships are shown in Fig.112. 

The initial voltage to form the very narrow gate and electronic marker 


is a voltage of 75 Ko/ s whose phase changes in proportion to the amount the 





range handwheel is turned. This voltage is applied to connector Zw3-6 








(Fig.110) of the range and very narrow gate indicator unit from the range 
mechanism unit. From connector Zw3-6 the sine-wave voltage of 75 Ko/ 8 
is impressed through an Bits oh the Benteor grid of the first clipper 
amplifier (V3-1). | | 
@ | , Clipper Amplifier 
The first clipper amplifier employs the left half of double triode ~ 


6N8S (V3-1A). . go 3 | 


erenry .»-/The triode 
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‘The triode grid is fed with a voltage of 15 Ko/s having an amplitude 
& of about 5-6 V, while an A.C. voltage of 60 V is taken out from its 
plate (Fig.112, a). 
The wave-form of this voltage slightly differs from the sine-wave form ae 
a result of clipping on account of the lower bend of the (ave ea 
characteristic curve. Voltage from the amplifier plate is applied through 
coupling capacitor C3-22 (Pig. 111) to choke 13-1, which through resistor , 
R3-44 is connected to the grid of the second clipper amplifier, i.e. the 
e pie iena trtees of valve V3-1B. 
During positive half-cycles right-hand triode V3-1 conducts the grid 
current which develops a voltage anes aepues aeetates R3-44, therefore 
the voltage between the grid and the cathode during these half—cycles is 
maintained approximately at zero level. Thus, grid current causes clipping 
of positive haif-cycles of the sine-wave voltage (Fig.112, b). 
: This voltage is additionally clipped in the valve on account of the 
lower bend of the valve grid characteristic curve. Therefore, the valve 
| plate current is nearly square. 
@ If the grid circuit of clipper amplifier V3-1A (Fig.110) had been 
| provided with resistor instead of choke L3-1, then due to the grid current 
flow through the resistor a voltage drop would have been developed whose 
value depends vpon the average value of the valve grid current. Therefore 
from the unearthed end of this resistor voltage would be applied to the 
valve grid through resistor R3~-44, the voltage consisting of the A.C. 
component supplied from the plate of the left-hand triode and the negative 
D.C. component depending in value upon the amplitude of the A.C. component. 
In this case the right-hand triode would be triggered and cut off slower. 
@ Therefore, the current wave-form in its plate circuit would be less close 


to the square wave-form. In this case the steepness of the current drops 


SFERET | +e e/would be 


| 

as well as the phase (relative to the output voltage of the phase shifter) 

) . 
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would be in greater degree dependent upon the amplitude of the A.C. voltage 


© coming from the plate of the left-hand triode. 





} When using a choke possessing a very low resistance the voltage D.C. 
component at its unearthed end is practically equal to zero, due to which 
the right-hand triode is triggered or cut off by the action of the most 
steep sections of the A.C. portage taken off the plate of the left-hand 
tviode. Thus in this case maximum steepness of the clipper amplifier plate 
current drops is obtained and dependence of the phase of these drops 

@ (relative to the output voltage of the phase shifter) isce the amplitude of 
the 4.C. voltage on the plate of the left-hand triode is eliminated 


considerably. 





During the action of positive half-cycles of the voltage, the clipper 
amplifier conducts a grid current which develops a voltage drop across 
resistor R3-44 proportional to the input voltage cf negative polarity. As 
a result the clipper amplifier control grid is supplied only with negative 
half-cycles of the sine-—wave voltage. In the valve this voltage is 
amplified and clipped additionally on account of the lower bend of the. 
@ valve characteristic curve. 

Thus, a voltage of approximately a square wave-form is obtained in the 
plate circuit of the clipper amplifier. 
From the clipper amplifier plate the voltage is fed to the grid of 


selector V3-2 employing valve 624. 


Selector 
. The circuit of the selector control erid is provided with choke L3-2 
whose inductance and inter—turn capacitance constitute an oscillatory 
circuit. The weciiiadion period of the circuit is about 1 microsec. At 


@ the moment the voltage drops on the plate of the clipper amplifier 





oscillations are excited in the circuit. 


eo uf To increase 
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To increase damping the circuit is shunted by resistor R3-45. Asa 
result each time the circuit is shocked into excitation the first half 
period of oscillations exceeds the succeeding ones in its amplitude. Thus, 
it may be considered that for one voltage cycle of 75 Ko/s one positive 
and one negative voltage pulse of about 1 microsec. duration are produced 
on choke L3-2 (Fig.112, c). 

The beginning of these pulses is always coincident with the moment 
the clipping triode is ted eeeeangs cut off. Therefore, when the phase 
shifter rotor is turned through any angle the phase of f iitites pulses on 
choke 132 (relative to the voltage applied to the input of the phase 
shifter) changes by the same angie. | 

The voltage pulses are directly apprise from choke L3-2 (Fig.110) to 
the control grid of the selector, i.e. valve V3-2 (624). Due to a large 
value of the selector cathode load R3-46 the voltage on the selector cathode 
has a value approximating the cut-off voltage of the valve. Simultaneously 
the selector valve is cut off on the suppressor grid by a negative voltage 
of -90 V supplied from the power pack of the range and plan-position 
indicator systems through contact 3 of blade connector Zw3~1. 

During every cycle of 75 Ke/s voltage one positive and one negative 
pulse are produced on the control grid of the selector. The suppressor 
grid of the selector is supplied with positive strobe pulses triggering the 
valve (Fig.112, ad) through capacitor C3-27. 

Only one positive pulse coinciding with the strobe pulse is amplified 
on the selector control grid during every cycle of 1.875 Ke/s voltage. 
Negative pulses of 1.875 Ko/s (Fig.112, e) are produced on the selector 
plate load R347 (Fig.110). | 

These pulses trigger a blocking oscillator, employing valve V3-3 of 


the 6N8S type (Fig.110), which forms very narrow gate pulses. 
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Very Narvow Gate Blocking Oscillator 
@ Fig.113 is a representation of the blocking oscillator circuit. 


In the absence of pulses from the selector plate valve V3-3 of the 

blocking oscillator is out off by a negative voltage of =28 V applied 
- through resistor R3-50 from the power pack of the range and plan—position 
indicator systems. This voltage (-28 V) is regulated by poteieloustes 
R53-18, whose shaft is brought out to the front panel of the power pack and 
is marked BIAS. | oe 

& Placed into the plate circuit of the blocking oscillator is the primary 
winding of transformer Tr3-8. The secondary winding of the transformer is 
connected to the control grid. When the negative pulse from the selector 
plate is applied through capacitor C3-26 to the plate of the blocking 


oscillator a current directed from the power pack to capacitor C3-26 begins 





flowing through the plate winding of pulse transformer Tr3-8. A magnetic 
flux set up the transformer core crosses the turns of its windings and as 
a result a certain voltage is obtained across the terminals of the secondary 
erid wantin: The leads of the secondary winding are connected so that 
@ the plus of this voltage during an increase of the magnetic flux is found 
to be applied to the valve grid. The valve is made conducting, its plate 
current flowing through the transformer primary winding causes an increase 
in the magnectic flux which brings about further increase of the voltage 
en the grid. Thus, the plate current and grid voltage rise in an 


avalanche-like manner. 





The voltage across the plate and grid windings of transformer Tr3-3 
is proportional to the rate of increase of the valve plate and grid currents, 
| poth currents acting in cpposite directions. While the rate of the plate 
@ current rise exceeds that of the grid Guekent rise, the plate voltage of 
the valve continues to fail rapidly, whereas the grid voltage to rise 


rapidly. However, an appreciable decrease of the plate voltage due to 


a eee / the valve 
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the waive plate secctxon, “vetanas the plate current rise and accelerates 
the grid current rises The avalanche~like process is retarded and then | 
@ stopped (when voltage drops across the windings caused by both currents 
are compensated). | 
A small voltage drop on the control grid ae to the charge current of 
capacitor 03-30 ( through grid+ cathode section) gives start to a second 
avalanche-Like process, but this time in opposite direction, The plate 
voltage begins to rapidly rise, whereas the grid voltage to falle This 
& results in an increase of the rate of the ieee current drop and ina. 
decrease cf the rate of the grid current drop, which antesne the 
avalanche~like process.e The second avalanche-like process brings about a 
sharp drop cf the plate current. This drop aetermines the trailing 
(negative) edge of the blocking oscillator puise. Thus the blocking 
oscillator produces back-to-back saw~tooth pulses of small duration 
& depending upon design data of transformer Tr35“3. The given circuit employs 


a transformer making it possible to obtain a pulse of 0.3 microsec. durations 





The second cycle of the avalenche-like process lasts until the valve 


in 


is : cut off againe During the positive voltage peak on the control grid 
\ 

@ heavy grid currents charging capacitor 03-30 flew through the blocking 
oscillator valves AS a result the potential of point A is éonsiderably 
reduced. 

When the valve is cut off capacitor C3-30 begins discharging through 
resistor R3-50 and the potential of point A rises, but this potential 
reaches only -28 V and therefore it cannot make the valve conductings 

The valve remains in this state until the next pulse arrives from the 
selector plate. 

Placed in the biocking oscillator circuit is a decoupling circuit 

o@ formed by resistor R3-52 and capacitor C328, unde stores high power 


required during the generation of the pulse by the blocking oscillator. 
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The presence of such a circuit increases the operation stability of the 


© remaining stages fed from the source of stabilized voltage of 270 V since, 





despite a heavy current flowing through valve V3-3, the current consumed 
from the source is practically the same. 

The valve plate current flowing in the interval between the beginning 
of the first and the end of the second avalanche-like process creates the 
very narrow gate pulse of 0.3 microsec. duration (Fig.112, f) across cathode 
load R3-51 and R3~54. The pulse is furnished through capacitor 03~29 

& (Fige143) to the target simulator and the band~elimination filter composed 
of series and parallel circuits tuned to the receiver, intermediate frequency. 
This filter serves to suppress in the very narrow gate pulse spectrum those 
harmonic components of oscillations which approximate the receiver 
intermediate frequency. 

From the filter the very narrow gate pulse is passed to the aueematic 
tracking channel of the receiving system. 

| The positive pulse from the cathode load R3~-54 is furnished to the 
automatic range finder unit through delay line 0.17 microsec. 


REM a A EIS SEY 


e First and Second HBlectronic Marker 
, Blocking Osciliators 


The firgt and second electronic marker blocking oscillators eaploy 
valves V3-4 and V3-5 of the 6N8S type (Pige110). The first blocking 
oscillator is triggered by the negative pulse, taken from the plate load 
of the very narrow gate blocking oscillator (V3-3). 

The cathode circuit of the firet electronic marker blocking oscillator 
is provided with a delay line for 0.4 microsec. opened at the end. The 


pulse formed on cathode load R3-53 is conducted to the delay line and is 





reflected from its end to cathode resistor R3-53 in 0.8 micreséc. These 


@ two pulses are furnished from the cathode load of the first blocking 







oscillator to the second one and trigger the latter. Two positive pulses 
of the electronic marker separated by a 0.8 microsec. interval are produced 


in the cathode circuit of the second blocking oscillator. 


So 
MS a ik [MmnanwaPhanrnand Tyr - 
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Transformers Tr3-6, Tr3-7 of the electronic marker blocking oscillators 
e have the same characteristics as transformer Tr3-8. 

The decoupling circuit of the first and second blocking oscillators is 
comprised of resistor R3-57 and capacitor 03-43. This circuit is designed 
to serve the same purpose as circuit R3-52, C3-28 of the very narrow gate 
blocking oscillator. The operation of both pidoking oscillators is similar 
to that of the very narrow gate blocking oscillator. 

@ The electronic marker pulses are applied from cathode load R3-3 
(Fig.112, h) to the cathode of the fine range indicator. 

Rotation of the range handwheel changes the phase of the sine-wave 
voltage, 75 Ko/ S, &t the output of the phase shifter, the very narrow gate 
pulses and electronic marker being shifted in time relative to the beginning 
of the sweep. 

@ The range handwheel is set so as to ensure symmetrical location of 


electronic markers relative to the target echo. 
5. RANGH MECHANISM UNIT 


€& The front panel of the range mechanism unit is shewn in Figs 114 and 
115, while the key diagram of the unit in Fig.116 (See Album). 
The range mechanism unit consists of a phase shifting network, a 


distribution mechanism and a scale mechanism. 


Phase Shifting Network 
The phase shifting network is composed of a single-stage input 
amplifier, a phase splitting bridge, a capacitive phase shifter and a final 
amplifier. The network is intended for shifting the range indicator and 


very narrow gate electronic marker relative to the range reading zero. 





S The input amplifier employs the left-hand triode of valve V4~1 (6N8S) 







and is designed to amplify the input voltage coming from the range unit. 
The voltage of 75 kilocycle frequency coming from the range unit is | 


applied to the control grid of the left-hand triode cf valve V4-1 through 
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@ connector Zw4-1 and potentiometer R4-20. The potentiometer serves to 


set the amplitude of the input voltage to 0.8520.5 V. Its slotted shaft 





is brought out to the chassis of the unit. 

The amplified voltage 15 Ko/s from the plate of the left-hand triode 
is impressed on the grid of the cathode follower which utilizes the right— 
hand triode cf the same valve V4-1. 

The amplitude of the sine-wave voltage on the cathode of the right-hand 

@ triode is approximately equal to 20 V. The cathode follower load is 
step-down traneformer Tr4-1 with a ravio of 331 between the primary and 
secondary winding turns, The cathode follover with step-down transformer 
serves to match low-resistance input of the phase shifter bridge with the 
high-resistance cutput of the amplifier. The voltage from the transformer 
sceondary winding is fed to the bridge circuit of the phase shifter 

& (Pige117, a5 b)- 


Tae phase shifter bridge circuit is composed of a voltage divider 




















employing resistors R4--6, R4-7, R4-8 and two parallel branches C4-6, 
R4-9, R4~10 and R4-11, R4-12, C4-8. The mid-point of the divider (the 
slider of potenticneter R4-7) is earthed. As a result A.C. sine-wave 
voltages equal in amplivude, but shifted in phase by 480° act between 
points A and B of the circuit and earth (point 0). 

The amplitude of these two voltages is accurately balanced by moving 
the ground slider of sgtannionetes R4—-7 whose shaft is brought out to the 
front panel of the unit and is marked BALANCE-1. 

To ensure seusee phase opposition of these voltages it is necessary 
that not only pure resistances between point A and earth and between point 
Band earth, but A.C. reactance 75 Ke/s, should be equal in magnituds. 
@ It should be borue in mind that susceptances which are hardly caiculated 

beforehand, are provided in sections AO and DO of the circuit due to 
distributed capacitances of the transformer secondary winding designated 


SEGRE! wo o/in Fige147, 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 








Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


SEGRE! 


~ 165 - 


in Fig.117, a, as capasitors Cy and Cpe Therefore, to balance susceptances 
ef sections AO and BO accurately the circuit is provided with fixed capacitor 
C4—-5, trimming capacitor C4—7 by means of which an accurate phase opposition 


of the voltage in points A and B (relative to earth) is obtained. The shaft 


of the capacitor C4-~7 vane is brought out to the front panel and is marked 


- PHASE. 


Let us consider the bridge vector diagram (Fig.117, b) and development 
of voltage in opis B ~ veotor Ug, (left branch of the bridge). Vector 
Ung indicates the voltage of the secondary winding of transformer Tr4-1 
acting between points A and B of the poldees Vectors Yao and Uno indicate 
voltages acting in points A and B relative to earth. Voltage across 
capacitor G46 (vector Unp) is always shifted by 90° relative to veltage 
drops across resistors R4~9, R4-10 brsetox Von) ané@ vector sum of voltages 
Unig and Jo always equals voltage Vag applied to the teat Branch 
R4~9, R4-10 conducts current I (Fig.117, b) and in case of equality of 
pure resistance and CnpHOs ty reactance in absolute value, equality of 
amplitades of voliag es Ura and. aa will te obtained in the branch. In 
this case voltage Ceo in point C relative to earth and equal to the vector 
sum of voltages re and Vos leads voltage Urs applied to the branch in 
phase precisely by 90°. 

.When pure resistance and capacity reactance are equal in the right-hand 
branch , voltage Ung in point D relative to earth lags in phase precisely 
by 90°. fr rom voltage Usp applied to the brench and is opposite in phase to 
voltage Vaoe 

Pure resistance and capacity reactance in each branch of the bridge 
are balanced precisely by means of variable resistors R4-10 and R4-11 
whose slotted shafts are brought out to the front panel of the unit and 
are marked PALANCH-2 and RALANCH-3, 

Voltages from four bridge points (U 110? UE? Ugo and U ) are applied 


to the capacitive phase shifter (Fig. 118) composed of two stator discs 
MERAY 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 yj 


: >. i 2 * ie Ce ap _ "a ar ett get et ct ht we aed pots We ee ee ae gd 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


OLLIE! 


- 166, - 





@ anda rotor. The first stator disc consists of four sectors insulated 
from each other; the second disc is solid. Sectors 1, 2, 3, 4 are fed 


with voltages from points C, B, D and A-of the bridge. Sectors 1, 25 3; 





4 and disc 5 constitute four capacitors (Fig.118, b)« The output voltage 
ef the phase shifter is taken off between disc 5 and earth. 
Tf all four capacitors (C,, Coy Cas C,) had the same value, the 
current in the phase shifter load and voltage Yates 4 across it would | 
@ amount +o zero, since fov-r voltages Uno? Unos Uno and Vag acting in the 
eireuit are equal in value and shifted in phase by 90° with respect to each 
other. But due to presence of the phase shifter rotor these four 
capacitances will never be equal to each other. 
The rotor comprises an insulation disc having specific inductive 
capacitanse of about 6. The disc is set cn the rotation shaft eccentricaily. 
@ If, for ebanses the disc stands against sector 1, the capacitance C, 
exceeds any of the theese capacitors and an A.C. current caused by voltage 
Yoo appears in the iocad. in this case the current circuit has minimum 
®& capacitive LEACUENCE » | 
If the phase shifter rotor is then turned through 90° the insulation 
dise will stand against sector 2 and the capacitance C, will be maximum 
and current caused by voltage’ Uno will flow through the load. Thus, the 


2 4. ~ ant * oO 
current in the load and voitage U in the second case will be 90 


axtnet 
out of phase as compared with those in the first case. 

Displacement of the insulation dise centre off the rotor shaft should 
be selected so that during the rotor rotation the phase of the output 
voltage changes linearly depending upon the angle of turning. The shaft 
of the phase shitter roter is mechanically coupled to the main shaft of 
the range riganaae Sin with goar ratio 131. The output voltage of the phase 
shifter is used to preduce very narrow gate pulses and the electronic 


marker of the fine range indicator. Therefore, the change of this voltage 


SEGREL | »ee/phase by 
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© phase by any angle causes the electronic marker on the. fine rangs indicator 


to move through the same angle. 
One complete revolution of the fine range tube electronic marker 


corresponds to a complete revolution of the phase shifter rotor. In this 


. case the phase of the voltage taken from the phase shifter changes by 360° 
and location of the very narrow gate pulse and pulses of the fine anes: 
indicator electronic marker changes by 2000 m. on the scale. 

@ The voltage shifted in phase is applied from the phase shifter eatend 


to the grid of amplifier valve V4-2, type 624 (Fig.116). Voltage from the 
amplifier plate is fed to the range and very narrow gate Sudioator unit 
through corimector Zw4—2. 

To check the owtput voltage taken oft the plate of amplifier V4-2 (624) 


use is made of jack G4-6 (OUTPUT VOLTAGE) coupled to connector 2w4-2. 


®& Distribution Mechanism 

The construction of the range mechanism unit makes possible manual 

and automatic target tracking in range. In this case the slant range data 
@ . are transmitted to the anti-aircraft director by two transmitting selsyns 
of the DI-511 type. | | 

The kinematic diagram of the distribution mechanism is presented in 
Fig.i19 (See Album). 

The target is tracked manually by rotating the manual tracking handwheel, 
and automatically, by automatic tracking motor M4-2, type ASM-200 . 

The manual tracking handwheel is coupled with the main shaft not 
rigidly, but through a spring friction clutch which makes it seadiers to 
transmit from the handwheel to the main shaft only a Limited torque not 

@ exceeding the friction torque in the friction clutch. As a result, when 
| the main shaft is stopped by the mechanical limiter in either extreme 
position (beyond the operating range band of O - 40 km.) further rotation 


of the handwheel is not accompanied by transmission of excessive torques 
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to the main shaft. This precludes the possibility of breakage of otis 
system elements. 

During automatic tracking rotation should not be imparted to the 
handwheel. For this purpose a differential friction brake is deunves on 
the shaft of bevel peed Z-34. The pin of the brake adjusting screw is 
placed under the piug (under the cup head screw) on the cover of the 
distribution mechanism (Fig.120). 

Automatic tracking motor M4~2 (Fig.116) is provided with a control 
and a supply winding. Voltage to the motor control winding is applied 
through contacts 2 and 4, contact 4 being earthed. Contacts 1 and 3 of 
the motor are suppiied with 110 V, 50 Ce De Ss through capacitor C4-14 used 
for phase shifting. penaine upon the phase (direct or opposite) of the 
vores applied to the control winding the motor rotates clockwise or 
counter-~clockwise with a speed determined by the value of the control voltaze: 

Automatic tracking motor M4-2 (Fig.119) rotates the main shaft of the 
distribution mechanism nousa wore and wheel (i = 1/50) and a cone 
differential (i = 1/2). 

Rotation of the main shaft is imparted: 

to the scale mechanism through one pair of spur gears (i ='1)3 

to the rotor of phase shifter 04-153 

to fine selsyn M4-3 through bevel gear pair (i = 1)3 

to coarse ae MA-4 through worm and wheel (i = 1/20); 

to strobe delay potentiometer R4-21 through .a bevel gear pair 
(i = 50/43). 

Rotation to the main shaft may be imparted from the manual tracking 
handwheel with low and high speeds. 

Low speed (i = 1,/10) is used when tracking the target; the handwheel 
is set in the forward pesition. 

High speed (i = 1) is used for rapid shifting of the sight; the hand— 


wheel is set in the backward position. CLPRET 
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@ With such kinematic coupling one revolution of the main shaft 
corresponds to: 
one revolution of the fine range scale; 
{ } 20 of a revelution of the coarse range scale; 


a tura of the strobe-delay potentiometer fine wiper through an angle 


360° x 50_ 
43 


a turn of the strobe-delay potentiometer coarse wiper through an 


= 418.6°s 


equal approximately to - 





4 ‘ Oo 

| @ angle equal epproximately to 18°; 

one revolution of the phase shifter rotor; 

one revolution of the fine transmitting selsyn; 


1/20 of a revolution of the coarse transmitting selsyn. 


ad 


Scale Mechanism 
The scale mechanism incorporates two scales (coarse and fine) connected 
© with the main shaft. The main shaft rotation is imparted to the soale 
mechanism through a pair of spur gears (i = 1). The scales are graduated 
discs. The fine scale division value is 10 m., the coarse scale division 
@ value is 1000 m 

The range is read visually through an inspection port. The scale 
can be rotated either manually with the help of the range handwheel 
situated on the front panel of the unit or automatically by means of range 
tracking system. For this purpose switch MANUAL ~ AUTOMATIC should be 


set accordingly. 
6 AUTOMATIC RANGE FINDER UNIT 


The automatic range finder unit (Figs 121, 122 and 123, see Album) 
consists of a strobe forming channel (v7-1 : V7-2, V1-3A, V7-3B, V7-4 and 
eo VI-5)5 a vdeo amplifier channel (V7-8, VT-7, V7-6)> an error signal 
iscriminator (V7-17}, a D.C. amplifier channel (V7-16 and V71-15), a 
converter (Q7~1) and an A.C. amplifier channel and AGC circuit (V7-13, 


V1-14, V7-11, V7-9, V7-10). SECRET 
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@ To make the automatic range finder operative it is supplied with the 
following pulses: the ver ry narrow gate pulse from the range and very narrow 
gate indicator, video signals from the range channel amplifier of the 
receiving system and the gated video signal from the automatic tracking 


channel amplifier unit. 1 


Split Gate Forming Channei 
The very narrow gave ikea from connector Zw7-3 is furnished through 
@ . the delay line (delay value is 0.6 microsec.) to the control grids of 
valves V7-i and V7-2, type 6P9 (split gate forming stages). 
“In normal state valve V7-1 is almost cut off by a ponitive voltage of 
48 V sported to the cathode from divider R7-6, R7-3 ana RT-4. Valve V7~2 
is cut off by the positive guitane applied to the cathode from divider 
RI-12, B7-9, RI-10. | 
& Capacitors C7-3 and C7-16 are charged to the ‘eats of the plate voltage 
of valves V7-1 and V7~2 (about 220 V). The very narrow gate pulse impressed 
cn the valve erties triggers these valves for a short period of time, thus 
@ . discharging capecitors 07-3 and C7-16. As a result damped sine-wave 
oscillations are developed en circuits K7—1 and KT7-2 which ane formed 
by inductances L7~-1 and L7-11 respectively and equivalent capacitances 
-containing the wiring capacitance, the inter—turn capacitance of the coils 
and the capacitance of the valves. Inductances L7-1 and L7-11 are selected 
so as to ensure 0.6 microsec. duration of the first ewatiie pulse. During 
the positive half-wave of the Ssoid uations the damping diodes of valve 
V7~3 (6H6S) shunt the circuits and the oscillations are stopped. _ 


Before the pulses from circuits K7-1 and K7-2 are applied to the 





® control grid valves V7-4 and V7—-5 (6P9) of the forming stages are on. The 
negative pulse coming from circuit K7—1 to the control grid of valve V7-4 
cuts it off and a square positive pulse, i.e. the early gate of 0.6 microsec. 


duration having an amplitude of 55 V, is formed on the left-hand plate of 






error signal discriminator V7-17 (6H6S). Cree Rel 
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Similarly in 0.6 microsec. valve V7-5 develops the late gate of 
@ 0.6 microsec. duration on the right-hand plate of the discriminator. The 
split gate pulses are delayed for 0.6 microsec. in relation to each other, 
‘ therefore, the end of the early gate coincides with the beginning of the 


late gate (Fig.124). 


Video Amplifier Channel 
The video amplifier is comprised of two amplification stages using 


@ valves V7-8B and V7~7 (Fig.123), a D.C. restorer stage (V7-8A) and a cathode 





follower (V1-6). 

Positive video signals of about 2 V amplitude are furnished from the 
amplifier of the receiver range channel to the grid of the first valve of 
video amplifier V7-8B (6N8S) through connector Zwi-4e This valve operates 
with current negative feodback, since its sdineds circuit is provided with 

@ resistors R7-35 R7-36. 

The amplified negative voltage pulse from the plate of valve V7-8B is 

applied through coupling capacitor C7~21 to the control ae of the second 
® “video amplifier stage V7-7 (6P9). The plate circuit of vaive V7-7 is fed 
with a stabilized voltage of +105 V from stabilovolt V7-12 (SG3S). 

The second video amplifier stage simultaneously performs the AanGtion 
of a limiter clipping the signals applied to the error signal discriminator. 

In the absence of video pulses valve V7-7 is conducting because the 
grid and cathode potentials are equal in value. In this case the value of 
ine plate voltage is about +50 V. When the grid is supplied with the 
negative signal from the plate of valve V7-8B, valve V7-7 is cut off and 
the voltage on its plate becomes equal to +105 V. Thus the voltage drop 
on the. plate of valve V7-7 makes up not more than 55 Ve Therefore, the 

6 | value of the pulse taken from the valve plate and applied to cathode 
follower V7-6 (6P9) cannot in all events seed 55 Vv. 
| The grid circuit of valve V7-6 is provided with a D.C. restorer (the 


left half of valve V7-8) which operates as follows: 
oer a CEPRIT 
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| The grid and plate of the left. half of valve V7-8 are connected 
@ together (diode connection). While video signals pass a negative charge 
is developed on the left-hand plate of eapaeidox C7-20. Upon cessation of 
the pulse the cathode of the left half of valve V7-8 obtains negative | 
petential relative to the plete end the valve is ae Capacitor C7~20 
rapidly discharges through valves V7-8 and Vi-7. Thus at the end of 
every video signal zero level is restored on the grid of valve V7-6. 
From cathode follower load R7-25 the positive video pulse is applied | 
e #0 the discriminator plates through resistors R7~89 and RT-90. | 
With the receiver AGC switched on, the normal signal level at the output 
of valve V7~-6 should make up approximately 40 V.: The amplification factor 
of the automatic range finder video amplifier is regulated by variable 
- resistor R7~36 placed in the cathode circuit of valve V7-8B. 
@ The resistor shaft R7-36 is brought out to the front panel of the 


automatic range finder unit and is marked FEEDBACK. 


Error Signal Discriminator 
@ The error cignal discriminator employs valve V7-17 (6H6S) and serves 
as a time discriminator producing the error signal, the value and sign of 
which depend upon the time difference between the arrival of strobe pulses 
and the signal. | 
The main function of the discriminator is to separate the echo signal 
of the target being tracked from all the signals arriving from the receiver 
range channel with the help of two strobes and to divide the separated 
signal into two parts adjacent in time. Moreover, two diodes which ~ 
function as a signal separator, are used as detectors, converting video 
pulses into D.C. voltage. 
$ The discriminator plates are supplied with positive strobes from the 


plates of valves V7-4 and V7-5 and with video signals from cathode follower 
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In the absence of strobes the positive voltage (of about +55 V) fed to 


@ the cathodes of valve V7-17 from divider R7-88, R7-86 and R7-85 keeps the 


discriminator cut off at the maximum value of the video signal. 





The positive strobes coming to the plates of valve V7-17 trigger in 
succession the left- and right-hand diodes of the discriminator for 0.6 
bai deed: In this case capacitor C7-40 is charged with the current of the 
left-hand diode due to the action of part of the signal falling on the 
first strobe, while capacitor C7-41 is charged with that of the right—hand 
@ diode due to the action of part of the signal falling on the second strobe. 
The charges developed on these capacitors are approximately proportionate 
to the values of the appropriate parts of the pian The. voltage 
difference on the capacitors is used as an error voltage. 
If the strobes are located in symmetry with the target echo signal, 
e then the echo pulse is aligned with the electronic markers on the range 


indicators. 


D.C. Amplifier Channel 
The D.C. amplifier employs valves V7-16 (6N9S) and V7-15 (6N8S). To 


increase stability of the amplifier operation use is made of a balance 





circuit with high resistance R7-84 placed in the cathode circuit of vaive 
V7-16. This cathode resistor does not affect the value of the error signal 
since with an increase of voltage on the grid of the valve right half the 
‘grid voltage of the valve left half Receiiens and. thebo bel cathode current 
does not change. However, any other change in voltages (plate voltage, 
valve filament voltage) causing a change of the valve total current is 
stabilized by high cathode resistance R7-84 due to negative feedback. 

Besides, to increase stability of the stage operation the filament 

@ voltage of the D.C. amplifier valves (V7-15 and V7-16) is taken from the 

separate winding of transformer Tr7-4. 

Error voltage is applied to the amplifier grids from the discriminator 
output through smoothing filters (R7~87,and C7-39, R7-95 and C7~38). 7 


RERUET 
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The stage amplification factor is approximately equal to 50. From 

@ ' the suoripier plates the error voltage is applied to cathode follower 

V7-15 (6N8S) through integrating circuits (R7~82, R7-83, ‘07-37 and R7-73, 

"RI-T4, C7-36). The integrating circuits enable the system to manoeiee as 

it were the speed essential for accurate tracking of fading signals. | When 
the signal vanishes the current in the discriminator sharply decreases, but 
the error signal changes with large time constant of the integrating circuit 
memorizing the last speed value. 

Placed betweensthe cathode followers and converter Q7-1 are 
differentiating circuits R7-711, C7-35, RT-T2, C7-34 and nanesten R7~68. . 
‘The error voltage applied to converter Q7-1 is developed across resistor 
R7-68.. 

In the steady: state with constant error signal the. differentiating 

@ circuits constitute b conventional gertane Mpiise sen piegias sugtetsne 
R7-71, R7-72, and R7-68. A sharp change of the error signal is transmitted 
through capacitors C7-35 and C7-34 to load R7-68 thus seine rapid action 

of ie rorlewaus system. 

@ The error signal forming circuit is regulated by eons potentiometers 
R7-86 BIAS , RI-17 BALANCE-3, R7~93 BALANCE-1, R7-80 BALANCE-2, the shafts 
of which are brought out to the front panel of the unit. 

Potentiometer R7-86 BIAS is set in such a way that the error signal 
discriminator is triggered only by the peaks of strobes. Hises amplitudes 
are set equal by potentiometer R7-17 BALANCE-3. . The discriminator 
detecting circuits are balanced by potentiometer R7-93 BALANCE-1. The 
D.C. amplifier is balanced by potentiometer R7-80 BALANCE-2. 

Monitoring jack G7-10 is intended for observing the signals applied from 

@ _ the video amplifier to the discriminator,-whiie monitoring jack G7~9 for 
observing the passage of the selected sional through the discriminator. 


- .+e/Converter 
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Converter 
@ The error signal shouta not be greatly amplified at D.C. because of 

instability of D.C. amplifiers, therefore, conversion of D.C., into A.C. is 
employed in the circuit. . 

Preamplification of the error signal at D.C. after the aisdainanetes 
is found necessary to further integration and differentiation of thé D.C. 
error signal as well as tc improve the relationship between the error signal 

@ and the unbalance voltage of the converter circuit. The unbalance voltage 

appears due to spread of parameters of the copper—oxide and other elements 
of the converter svcd 

The converter is a bridge (Fig.125) composed of non-linear resistors, 
one diagonal of which is fed with a voltage of 50 c.p.se, whereas the other, 
into which the primary winding of transformer Tr7~3 is connected, produces an 

ae - error sigrial voltage of 50 Onpiss a 

With the potentials in points A and A, equal, when the error signal 
voltage is nbiie: Bineaie A; Ry» Ras Ry» Ay» is de-energized. In the 
presence of potential difference between points A and A, the above circuit 

S conducts current whose direction is determined by the higher potential 

(A or A,)- The current flow in this circuit causes voltage drop U5 across 
resistor R, whose value and polarity dre determined by the error signal 


2 


voltage. Voltage U, is impressed:on both bridge diagonals through the 


2 
primary winding of transformer Tr7-3 and resistors Re and Ree 
The circuit points a, and b, are fed with a voltage of 50 c.p.S. The | 
divider mid—point B is connected through resistor Ry with sdonoine B, of 
the primary winding of transformer Tr1-3. 
The converter circuit may be found under two following conditions: 
& no error signal voltage applied (the bridge is balanced); 
error signal voltage applied (the bridge is unbalanced). 


In the absence of the error signal only A.C. voltage U, is applied to 


bridge diagonal a, - b, and current passes through elements Qe and Q, or 


sega es Cranrr Be i og bs a. 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 _| 











re . tc nnn TE eee 


| Declassified in Part - Sanitized Copy Approved for SLE 2013/09/19 : CIA- RO PCUT RO ean usaace ues 1 


D 


OLLHEL 


3 hP6eS 


through Q, and. Q, depending upon polarity of voltage U3. 
Suppose polarity of voltage U, is like that shown in Fig.125. In this 


case elements Q, and Q, conduct current. By the action of the potential 


1 


By the action of the potential difference between points BE, current will 


difference between points EB current will flow in direction E-b,—c,~B -R,-B. 


flow in direction B-R,-B)~c,-a,-E). The half of the primary winding connected 
between points c,-B, takes currents equal in magnitude but opposite in 
sign, and the difference current is zero. 

In case of negative polarity voltage uy is applied through elements 


Q, and Q, and the current flowing through the half of the primary winding 


4 
connected between points B,-d, is zero as well. 

Pig.125 is : representation of simplified characteristics of the © 
elements and voltage charts explaining operation of the converter for the 
case considered above. 

In the presence of the error signal the elements (A.C. element excluded) 
are fed with D.C. voltage whose polarity is determined by the sign, while 
the value by the error voltage value. | | 


Suppose polarity of voltage U, is such that potential of points Cy and 


2 
a, is greater than that of points a, and by. Polarity of voltage Us is 


indicated in Fig.125. Now the operating conditions of element Q, are 


‘other than those of element Q,. 


Voltage U, will shift the operating point of element Q,, towards 


2 


“negative values; the voltage cut-off angle will decrease and so will the 


current flowing through element Qo Voltage U will shift the operating 


2 
point of element Q, towards positive values; the cut-off angle of voltage 
Us will increase and so will the current flowing verouge element Q,° 

The value of the current flowing through the first mene of the 


transformer primary winding is determined by the Aietersnte of currents 


passing through elements Q, and Qo The greater voitage Uss the greater 


\ 
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When voltage U, has reversed polarity elements Q 4 and Q@, are conducting. 


3 
& In this case the current flowing through element Q, is greater than that 


flowing through element Q, and the direction of the difference current 


4 
through the second portion of the transformer primary winding is determined 
by current ay (Fig.125). a . 

Induced in the secondary circuit of transformer Tr7-3 is an A.C. 
voltage of 50 c.Dese whose snipe wads is proportional to the value of the. 


error signal and whose phase changes by 180° when polarity of voltage Us 


is reversed. 


ALC. Amplifier Channel and AGC Giroutt 
The error signal A.C. voltage is amplified by a three stage amplifier 
feeding the control wicaiee of the automatic tracking motor. 
The first amplifier teed, i.e. a voltage amplifier based on a transformer 


& with adjustable amplification factor is valve V7-13 of the 6K3 type (Fig.123). 





The signal at the discriminator output depends not only upon the value of 
time error between the strobes and the signal, but also upon the video 
signal amplitude which within the automatic tracking range 0.5 - 35 kn. 

6 changes approximately 1.5 times. “The stage gain is automatically controlled 
by changing the bias on the control grid, thus ensuring constancy of the 
common amplification factor of the automatic range finder follow-up system 
in range. 

The bias voltage is developed by detecting in the stage using valve 
V7-14, (type 6N8S, connected as a diode) the negative video signal coming 
from the automatic tracking channel amplifier unit. By potentiometer 


R7-63 (automatic gain control) with normal signal and automatic gain’ control 





on, the bias value of valve V7-13 is set so, that the current as measured 







@ by instrument Pp7-1, located on the front panel of the automatic range finder 
unit, amounts to 5 to 6 mA. | 
Transformers Tr7-3 and Tr7-2 are shunted by resistors R7-65, R7-57 and 


R7-56 to increase stability of Or ceoee operation. Capacitors C7-33, 
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C7-43 and C7-29; shunting the secondary windings of transformers Tr7-3 and 


Tr]-25 improve the A.C. voltage curves With the help of potentiometer 


R7-56 (AMPLIFICATION) the automatic system is amplified to such a degree at 
which the system is set after two or three oscillations. To increase 
stability of the oe operation the screen grid of valve V7-13 is fed 
with a stabilized sates oe +105 V froin stabilovolt Y7-12. 

The penultimate and final stages of” the A.C. amplifier are based on 
a self-balance inverter circuit using valves V7-11 (6N8S), V7-10 (6N3S) 
and V7-9 (6P3S). 

Inverter stage V7-11 makes it possible (without a special transformer) 
to obtain two A.C. vortaees equal in value and 180° out of phase to feed 
the push-pull output stage. ‘The A.C. voltage from the plate of the right- 
hand triode of valve V7-11 is passed to divider R7-47, R7~46, R7+45, R7-44 
and to the control grid of valve V7-9 eum capacitor C7-27- Part of 
the voltage from the divider is applied to the grid of the left-hand triode 
of valve V7-11 which changes the voltage phase. From the plate of the 
Left-hand triode the voltage is impressed on the control grid of valve 
V7-10. - . | 

The self—balance inverter circuit is similar to the ordinary circuit 
except that it has balancing resistor R7-44. With different voltages on 
the control grids of valve V7-9 and V7-10 a voltage drop is developed across 
resistor R7-44 which is applied to tea cdeewank triode of valve V7~11 and 
which restores the circuit pakavine: 

Transformer eq is designed for aatenins the low-resistance of the 
motor control itpaing with the amplifier internal resistance. 

Negative feedback required to decrease the amplifier output resistance 
is applied from.the ovtput of the push-pull amplifier to the input of valve 
V7-11. The negative feedback circuit is formed by resistors R7-54 and 
RT-55- 7 | : 
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To facilitate the operator's work a receiver manual control knob marked 
| @ AMPLIFICATION (variable resistor R7-99) is provided on the front panel of 


the automatic range finder unit. 


Chapter 6 
PLAN-POSITION INDICATOR SYSTEM AND POWER 
PACKS OF RANGE MEASURING AND PLAN-POSTTION 
© | INDICATOR SYSTEM 


‘A, PLAN-POSITION INDICATOR SYSTEM 


1. GENERAL 


The plan—position indicator system serves to detect and observe targets 
appearing in the region being scanned, as well as to roughly determine 
@ their coordinates. | 
The plan—position indicator system consists of a P.P.I. unit, a P.P.I. 
transmitting selsyn installed in the antenna pedestal. 
The P.P.I. system is fed from the power pack Seinen both for the range 
measuring system and the P.?.I. system. 
Some Frssien of the P.P.I. unit (transformers Tr9-4, Tr9-5 and 
capacitor c9-7) ss ever ea the power pack of the range measuring unit. 
| The P.P.1I. unit is designed for shaping saw-tooth current pulses, 


which form a radial sweep on the indicator screen, voltage pulses gating 





the forward travel of the sweep and range marker voltage pulses forming 


the electronic range markers on the sweep. 








The formation of the above pulses starts the moment the transmitter is 
‘triggered, because the operation of the P.P.I. unit is synchronized by the 
@ same trigger pulses furnished from the range unit which are also used for 
triggering the transmitter. 


.../The P.P. I. 
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The P.P.I. unit accommodates an indicator which utilizes a cathode ray 
tube with magnetic control and a long-persistence screen. | On the screen of 
the tube the ecceaton can observe signals returned from the targets in the | 
region being scanned. The target echoes on the screen enable the operator 


to determine two coordinates of a target in space: slant range and azimuth. 





The target Jievatien cannot be read directly off the plan-position 
indicator. It may be determined by the reading of the elevation coarse 
@ indicator of the automatic tracking unit. For this purpose readings should 
be taken at the moment the target echo brightness on the P.P.Ie screen is 
at maximum. | V - 


The sweep on the indicator soreen is displayed as a straight bright 





radial trace which starts at the centre at the moment the pulse is fiired by 
the transmitter and ends at the screen edge. 
e The slant range of the target is determined with the help of range 
navbers displayed in the form of pright spots generated on the radial sweep. 
The aietauee betweeh the markers equals 10 km. of the slant range. 
When the antenna is rotated in azimuth the radial sweep rotates about 
@ the centre of the screen in step with the antenna: one revolution of the 
sweep corresponds to ene revolution.of the antenna. Provided that the 
station on the site is accurately oriented the position of the re on the 
tube screen relative to the azimuth scale calibrated on the edge of the 
disc eereneea in front of the screen corresponds to the true azimuth of the 
‘antenna electrical axis. In this case the poeitin of the station on the 
ground corresponds to the central point of the screen. 
The signals returned from the target amplified in the receiver system 
and in appropriate stages of the P.P.I. unit are applied as positive voltage 
@ | pulses to the control electrode of the indicator tube. Therefore at the 
moment the target echo is picked up, the brightness of the corresponding 


spot on the sweep trace increases. “The pulses returned from the given 
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target arrive after every transmitter direct pulses they arrive all the | 
@ ' time while the target is in the scanning BRenee by the rotating antenna. 
The target is high-lighted on the indicator screen as echo-arc, the saan 
size of which depends upon the width of the radiation pattern, the flare 
angle between the maximums sie radiation pattern and the target angular 
size. According to this the angular size of the echo-arc showing the same 
target may change within a certain range as the antenna is lifted. For 
point targets (the angular size of which is considerably smaller than the 
eaalvion. pattern width) the angular size of the echo-are is approximately 
equal to 1-30. 
Placed in front of the indicator cathode-ray tube on the side of the 
front panel of the P.P.I. unit is a transparent dise of plexiglass with an 
azimuth scale, the division value of which equals 0-25. 
@ The target azimuth is read off the scale at the instant when the radial 
sweep passes eheough the centre of the echo-arc. . 
The target range is determined by thé position of the echo~arc sia tine 
to the range markers whose number on the indicator screén amounts as six 


& (Pig.126). 


During circular scanning the antenna speed in azimuth is 12 r.pem. 





At the radiation pattern width of 0-83 and the flare angle of 0-46 

between the maximum of the radiation pattern, the antenna irradiates a 

point target during 0.1 sec. so that the bright echo mark on the screen 

without aftex—-glow would be visible for only 0.1 SECe Therefore, in order 

to enable the operator to determine the spits and target range, a cathode- 

ray tube with a long-persistence screen is used in the P.P.I. unit. such 

a sereen being brightened for a short time by the pulse returned from the 
6 target preserves its gradually weakening glow for about 10 sec. This . 

enables the operator to cbserve on the indicator screen the entire 


surrounding space within a portion of the region being scanned in elevation 
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and, as the antenna is lifted up, the entire region in elevation and to 
@ take the necessary readings. 

Long persistence of the tube is caused by the use of a double-layer 
screen. The first layer nearest to the electronic beam produces bright 
blue glow due to bombardment by electrons. The second layer applied 
directly to the screen giass is excited by the glow of the first one, 
thereby producing weak yellow giow. The first layer stops. glowing 
immediately upon cessation of the screen bombardment by electrons. The 

@ second layer glows about 10 sec. (arter-glow). 

To prevent short-time bright blue glow 6a the first layer from interfering 
with: observation of weak yellow glow of the second layer, the indicator is 
provided with a yellow light-filter placed in front of the screen. The 
light-filter absorbing the blue glow of the first layer freely passes the 

@ yellow glow of the second layer. . 

When the radial sweep rotates on the indicator screen the range markers 
due to the screen persistence merge, thus forming a system of concentric 
circles which make it possible to read off the traget range at any azimuth. 

@ | The P.P.i. is supplied with strobe pulses ‘that increase seat brightness 
on the indicator sweep trace. During rotation of the antenna and 
consequently of the sweep, the bright spot forms a circle. The radius of 
the circle corresponds to the ancients to the target being tracked, which 
helps the operator quickly to find the target if it gets lost. 

Displays seen at the beginning of the sweep trace are either near-by 
targets or clutters caused by partial penetration of transmitter direct 
pulse voltage to the receiver. 

The P.P.I. unit operates similarly during sector scanning. In this 

@ case parts of the concentric circles formed by the range markers as well 
as target and near-by echoes are displayed on the indicator screen only 


in that azimuth sector in which the antenna oscillates, The scanning 
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To facilitate finding of the target by the position data the P.P.I. is 
e@ provided with a transparent overlay having a data presentation grid, located. 

on the side of the front panel. The sheet and the azimuth scale of the 
indicator are iitudtandes from the edge by lamps Z11-1 to 211-4 whose 
brilliance is controlled by potentiometer R11-52. | The potentiometer 
knobbed shaft ie brought out to the front panel of the unit and is marked 
SUALE ILLUMINATION. 

The transmitting sele7m (M32-5) of the P.P.I. system is mounted in 

e the antenna pedestal and is sieved with the antenna through 1:1 gear ratio. 
The transmitting selsyn is connected electrically with selsyn-transformer 
Mi1-1 of the PP. Ie unit. The ca ieniteis selsyn is a component of the | 
P.P.I. selsyn drive for the deflecting coil rotation. 
2. FUNCTIONAL DIAGRAM OF PLAN-POSITION 
e INDICATOR SYSTEM 

Fig.127 is a representation of a functional diagram of the P.P.I. 
system. 

The P.P.I. system incorporates: 

@ . Trigger puise conversion channel. 

Sweep channel. 

Gating pulse channel. 

Range marker channel. 

Signal channel. 

P.P.I. 

Defleoting coil rotation selsyn drive. 


The trigger pulse conversion channel consists of a two-stage amplifier 





(Vi1-1) and a multivibrator (v11-2). The input of this channel is fed with 

© 1.5 microsec. negative trigzer pulses of 15 to 20 V amplitude from the range 
unit. | These driousd pulses are also used for triggering the driver in the 
transmitting system. | 


SRE | 


.»./Amplified by 
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= ’ Amplified by two amplifier stages (two triodes of valve Vii~-1) the 
& negative trigger pulses synchronize the operation of multivibrator Vii-2 
which produces nearly square voltage pulses. To make the unit operative 
use is made of negative voltage pulses from the mul tivibrator taken from 
the plate of the right-hand triode of valve Vii-2. Their ‘duration can be 
adjusted in accordance with the required detection range (60 kn.). 
The multivibrator negative voltage pulses control the sweep and gating 
e pulse channels eon eine their operation. 
The sweep channel consists of a sweep generator (the left-hand triode 
of valve Vi1-3) and a current amplifier (V11-4) with a clamping cirouit 
(the right-hand triode of valve V11-3). In the channel the multivibrator 
nemetine voltage pulses are converted into saw-tooth pulses of the same 
duration which arrive at the cathode-ray tube deflecting coil. 

& In the gating pulse channel negative square gating pulses are taken off 
the cathode of the gating amplifier (the siont cand triode of valve V11-6) 
to make the P,P. Te tube coriducting during forward travel of the sweep. 

The channel operation is gontpolied by the negative voltage pulse from 
® the multivibrator, therefore the beginning and duration of the negative 
gating pulse strictly coincide with those of the multivibrator negative 
voitage pulse. 
Thus, the gating pulses soming to the cathode of the P.P.I. cathode-ray 
tube trigger the tube for a period of the sweep forward travel. 


The range marker channel consists of a marker delay electron relay 





(Vii-5) and a range marker forming stage (the left-hand triode of valve 
V11-6). It produces short-time positive pulses of 15 Ke/s frequency, 


which form range markers on the indicator screen. 


@ To trigger the range marker channel use is made of crystal controlled 









negative voltage pulses of 15 Ko/ s frequency applied from the range unit. 


oe ./Positive range: 


4 
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& Positive range markers converted in the channel and eetayes for 40, microsec. 
are furnished to the control electrode of the tube through mixer Vi1-8. The 


range marker delay may be adjusted within limits 10 - 50 microsec. 
In the signal channel the range markers are mixed with strobe pulses 

and video pulses. | | 

Strobe pulses are applied to the mixer stage directly from the range 
anny: | | 

@ The video signals coming from the output of the receiver range channel 
aré limited and amplified in the video amplifier stage (the left-hand triode 
of valve V1i-7). Connected to the output of the video amplifier is a 
D.C. restorer stage (the right-hand triode of valve V11-~7) maintaining the 
low level of voltage on the grid of the left~hand triode of mixer V11+8 
constant. Connection of such a stage prevents loss of weak signals which 

& otherwise might be below the level of the mixer, cut-off gltacs: 
The range markers; strobe pulses and video pulses across the cathode 


iéad of the inixer (V11-8) form a combination signal which while béing 





applied to the tube contrdl eledétrode increased brightness 6f the radial 
S sweep in spots corresponding to range markers, strobe pulses and video 
Signals. 
The P.P.I. is a cathode-ray tube with magnetic focusing and beam 
deflection eaten 
The deflecting coil rotation selsyn drive serves to rotate the radial 
sweep on the tube screen. The selsyn drive consists of a transmitting 
selsyn (M32-5) installed in the antenna pedestal, a selsyn transformer 
(11-1) connected through two pairs of gears with a pron Dna ge motor rotating 
the coils (M11-2) and with the deflecting coil gear, a two-stage error 
@ voltage amplifier (V11-i1 and V11-12). Selsyns M32-5 and M11-1 sieliogs 


a selsyn-transformer circuit. 





The selsyn drive produces error voltage which serves to rotate the 


deflecting coil of the plan-position indicator in synchronism with the 
ae is Oranrr 
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ns 3. PLAN-POSITION INDICATOR UNIT 
Key diagram of the P.P.I. unit is shown in Fig.128 (See Album), the 


front panel and the unit top view in Figs 129 and 130. 


Trigger Pulse Conversion Channel 


The trigger pulse conversion channel consists of a two-stage amplifier 
and a synchronized multivibrator whose function is to convert negative 
Rilases pulses into negative square pulses of 400 microsec. duration, which 
@& corresponds to a distance of 60 km. | 
| The trigger pulse amplifier employs valve V11-1 of the 6N8S type 
(Fig.128) and is intended for increasing the amplitude of the incoming 
trigger pulse to auch a value as to ensure stable synchronization of the 
multivibrator (Vi1-2). 
The negative trigger pulse from the range unit is applied through 
® connector Zwi1-3 of the PyP.I. unit to the grid of the left-hand triode of 
valve Vi1-1 operating at zero bias. From the plate of this triode an 
amplified positive pulse is taken which is furnished to the grid of the valve 
@ right-hand trioae. i the absence of the pulse the right-hand triode of 
valve Vii~-1 is cut off by positive voltage on the cathode (+19 V) applied 
through contact 4 of connector Zwil-1 from the power pack of the range | 
measuring and sien vosi tion indicator systems. 
The positive voltage pulse triggers the right-hand triode of valve 
Vi1-1 and causes the pulse of negative polarity to appear on its plate. 
This pulse is passed through isolating capacitor 011-4 to the. grid of the 
left~hand triode of multivibrator V1i1-2 and synchronizes the latter. 
Capacitor Cii-4 has low capacitance value to decrease the influence 
& of the multivibratvor circuits upon the amplifier stage operation. 
The multivibrator is based on an autodyne circuit employing valve 


vii-2 (6N8S). Its diagram is similar to those multivibrators that are 






: -+-/used in 


? 
$ 
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used in the range unit as voltage dividers (See Chapter 5). However, time 
® constants of the grid circuits (coupling circuits) of the two triodes in 
the multivibrator sharply differ in value from ene other. Due to rather 
a long time constant of the valve right-hand triode grid circuit, the cut-off 
period of the right-hand triode when free ninntie (ive. in the absence of 
seesawieiie pulses) greatly exceeds that of the left-hand triode, and 
oscillation frequency in this mode of operation is approximately 70 CepeSe 
; | Due to the fact that the multivibrator operates in an autodyne circuit 
@ of low frequency oscillations, the danger of burning the ua screen which 
might be caused by the Satiouaey electron beam in the absence of 
synchronizing pulses from the range unit is averted. In this case the 
screen will display not a stationary spot but a pulsating sweep of low 
intensity. Decrease of intensity and appearance of noticeable pulsation of 
@ the sweep indicate that synchronizing trigger pulses are not furnished from 
the range unit. 
The synchronizing negative pulses arriving at the grid of the left—hand 
triode of the multivibrator valve cut off the triode much earlier than it 
@ . would have occurred during self-oscillation mode of Spare nsen -As a 
result the oscillation period of the multivibrator during synchronization 
decreases some dozens of times and its frequency increases accordingly 
from 70 c/sec to 1875 c/sec. ; | 
To reliably cut off the conducting left-hand triode ‘by the synchronizing 
pulse it is necessary that it should have a sufficient amplitude. This 
is obtained by preamplifying the synchronizing pulse in the two-stage 
amplifier. The cut-off of the multivibrator left-hand triode by ne 
synchronizing pulse causes a positive voltage drop on its plate whose 
@ value is sufficient to trigger the right-hand triode of the mul tivibrator. 
This aéatits in a negative voltage drop on the plate of the right-hand 
triode; this drop is passed to the grid of the left-hand triode to ensure 
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the cut-off senaition of the left-hand triode just after cessation of the 
negative synchronizing pulse. 

Due to discharge of coupling capaatton C1i-5 the grid voltage of the 
left-hand triode gradually rises. At the moment it reaches the cut-off 
voltage the circuit is gebumeicto: tne initial position in Sh Boeiwnehe ies 
manner , the circuit remaining in this position antii the next synchronizing 
pulse arrives. The multivibrator output voltage is taken from the plate of : 
the right-hand triode of velve Vi1—2. The value of the output voltage drop 
is approximately -80 ie | 

The moment the trigger pulse is obtained from the range unit coincides 
with the boginning of the mul tivibrator negative pile and. the negative 
pulse duration is determined by the time constant of the left-hand triode 
grid circuit since this fini corresponds to the dut~off period of the left- 
hand triode. The time constant of the ae circuit of the multivibrator 
left-hand triode is determined mainly by values of capacitor C11-5, resistor 
R11~53 and potentiometer R11-5 whose shaft is brought out to the front panel 
of the unit and is marked SWEEP RANGE. Turning this shaft will regulate 
the duration of the multivibrator negative pulse. In this case the negative 
pulse should be such as to ensure not more than six range markers on the 
SWEOP> | 

The multivibrator output—voltage synchronizes the operation of the 


sweep channel and the gating pulse channel. 


Sweep Chenne}, 

The sweep channel is designed to spades saw-tooth current applied to 
the deflecting coil of the cathode-ray tube to obtain a radial sweep on the 
tube screen. | 

Since deflecting coil L11-2 possesses inductance and ohmic resistance, 
the ends of the deflecting coil are fed with voltage of flat—topped waveform: 


1 


to obtain current (of saw-tooth waveform) rising linearly. 


an th a eoe/ The swee 
mn REP DET os P 
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The sweep generator employs the left-hand triode of valve V11-3 (6N8s} 
& and is designed for shaping voltage pulses of flat—topped waveform. | 
The sweep channel is synchronized by negative pulses from the 
multivibrator (V11-2) which while sottne on the grid of the left-hand 
triode (valve Vi1-3) cuts off the latter (Fig.131). In this case after 
a voltage ee on the plate which results from the voltage drop across 
resistor R11-16 caused by the discharge current of capacitor C11~9 the out— 
@ put voltage of the ne begins rising exponentially. By varying 
resistance R11-16 it is possible to change the value of the initial jump 
and the waveform (tilt angle) of trapeziodal voltage at the sweep sneeates: 
output. 
The siotted shaft of potentiometer R11-16 is brought out to the front 
panel and is marked SWEEP LINEARITY. 
Upon cessation of the negative pulse of the multivibrator voltage the 
e left-hand triode of valve V11~-3 is on and capacitor cr ~9 begins discharging 
through the triode and resistor R1i1-16 to the initial state. 
The sweep generator is fed with a stabilized voltage of +490 V which 
@ ensures the trapeziodal voltage amplitude sufficient to form the sweep of 
the required ‘length on the indicator soreene . 
The current amplifier with a clamping circuit (Pig. 132) converts 
trapeziodal voltage pulses into saw-tooth current pulses. 
The current amplifier employs valve Vi1-4 (6P3S), whose cathode circuit 
is provided with deflecting coal L11-2 (Fig.128). The amplifier functions 
as a cathode follower. _ | . 
The cathode follower has a low output resistance and therefore the 


charge time of the total capacitance, consisting of the coil distributed 





@ capacitance and the wiring capacitance connected in parallel with the coil, 
is small and the influence of the total capacitance on the initial rate of 
the sweep rise is minimun. 

3 


| Gre i E E = .ae/The trapeziodal 
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The trapeziodal voltage from the plate cf the left-hand triode of valve 
V11-3 is fed through capacitor Ci1-10 to the control grid of valve V11-4. 
Besides, the control grid is fed from the power pack of the range measuring 


and plan—position indicator systems with a negative bias voltage of about 





-160 V through resistors R1i-19 and R11-18. The voltage cuts off the 
valve for a period of the miees retrace. The value of the bias voltage 
is adjusted by potentiometers R11-19 whose slotted shaft is brought out to 
the front panel of the unit and is marked SWEEP LENGTH. 
® Placed in the control grid circuit of valve Vi1—4 S3 a diode clamping 
circuit. Should there be no circuit, in the intervals between the incoming 
trapeziodal positive voltage pulses capacitor C11-10 would not discharge 
and an additional negative potential would be developed on the control grid 
of valve V1i-4, the potential value being dependent upon the duration 
@ amplitude and form of the pulses arriving at the grid. Consequently, the 
value of this additional negative potential would vary when rotating the 
shafts of potentiometers R11-5 and R11+16. Such variation of the initial 
potential on the current amplifier control grid causes a change of its wales 
© which results in the sweep lerigth being changeable on the indicator screen. 
The clamping diode circuit aie the right-hand ‘abae of valve 
V11~3 (6N8S), the triode being connected in parallel with leak resistance 
R11-18 (Pig.132). The cathode of the triode is coupled to the control 
grid of valve V1i~4 and the grid in turn is shorted to the plate, i.e. the 
‘triode is a one-way resistor ensuring rapid discharge of sane tex 011-10 
during the sweep retrace. As the potential of the right-hand plate of 
capacitor C11-10 or, which is the same, the cathode potential of the right 
half of valve Vi1-3 is found to be lower than the grid potential, after the 
@ positive trapeziodal pulse has passed through, the valve will conduct and 
| capacitor 014-10 will discharge through the valve before the next prepeeiodal 
pulse arrives. Thus, the additional negative bias potential is cancelled 


out on the control erie of valve Vi1-4. 


_ SERRE E 
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A change in the bide voltage of valve Vii+~4 causes a change in the 
position of the operating point on the valve characteristic curve. The 
trapeziodal pulse is clipped in the current amplifier on account of the 
lower bend of the valve characteristic, therefore the change of the bias 
causes a change in the current amplitude anal, consequently, in the sweep 
length on the indicator screen. In this case its duration does not change, 
i.e. the number of range markers on it remains constant. 

tie Geeatoeteortacs applied to the control grid of the current 


amplifier is sufficient for cutting off valve V11-4 for a period of the sweep 


- retrace. 


The escillaticn process in the deflection coil circuit caused by a 
sharp decrease cf the sweep current is of no importance as during the sweep 
retrace there is no electronic beam in the cathode-ray tube and thid process 


ceases on the arrival of the next trigger pulse from the range unit. 


Gate Pulse Channel 

The gating pulse channel consists of one’ stage, i.e. a brightness 
intensifier, and serves to trigger the cathode-ray tube for a period of the 
sweep forward travel. 

The brightness intensifier ompLeys the right-hand triode of valve 
V11-6, type 6N8S (Fig. 128) and is essentially a cathode soi tower whose 
cathode load is formed oy resistor R11-36 and part of Scneattoneter Ri1-35. 

The grid of valve Vi1-6B is connected to a 4+270-volt supply through 
resistor Ri1~-32, whose resistance value is 4.7 megohms. The grid is fed 
with the negative pulse from the output of multivibrator V11-2 through 
coupling capacitor 011-18. The output voltage of the brightness intensifier 
is taken off the cathode load (R11-36 and: R11-35) and is directly applied 
to the cathode of the cathode-ray tube. — 

Before the multivibrator negative pulse arrives the valve grid voltage 


is approximately zero and the valve handles the plate current. A voltage 


ft E  . CEPDCT . ..-/drop developed 
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- drop developed across the intensifier cathode load is Pound to be sufficient 
to fully cut off the indicator, therefore the indicator screen does not glow 
at the time. : 
The multivibrator negative pulse erevoes the valve is cut off and as 
a result the Vet taee: applied to the tube anthoie from the intensifier 
cathode load, decreases. The decrease of the aera potential of the 
cathode-ray tube causes the tube to conduct (indicator screen gating) for a 
@ period of the mul tivibrator negative pulse, i.e. for a period of the sweep 
forward travel. The voltage value on the tube cathode and, consequently, 


the brightness of the sweep trace can be controlled by potentiometer R11-35_ 


whose shaft is brovght out to the front panel of the unit and is marked 


BRIGHTNESS. 
Range Marker Channel 
& The electronic marker channel consists of a marker delay electron relay 


and a range marker forming stage and is intended to obtain a train of short- 
duration pulses the space between which corresponds to 10 km. slant range. 
@ To trigger the range marker channel use is made of aesetiys pulses of 
short duration and 15 Ke/s fnecueney (which corresponds to 10 kn. range) 
being furnished to the P.P.I. unit from the range unit. 
Teae pulses arrive from the range unit not at the moment the transmitter 
is triggered, but 40 microsec. earlier, therefore to delay the pulses for 
40 microsec. a marker delay electron relay is used. The oscillograms 
showing yoltacse in the range marker channel circuits are presented in 
Fig.133. | | 
The marker delay electron relay employs valve V11-5, type 6N8S, 
(Fig.128). It is similar in deeien to the strobe width electron relay 
whose operation is described in Chapter 5. 
- Negative pulses of 15 Ke/s frequency are applied from pin 8 .of connector 


Zwi 1-1 to the grid of the left-hand triode of valve V11-—5 through isolating 


CLOT nee / capacitor 011-12. 
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capacitor C11-12. In the absence of trigger pulses the left-hand triode 
conducts because its grid is fed with a positive potential of +3.9 V from 
a voltage divider formed by resistors R11-21 and R11-22. The right-hand 
triode is cut off by a negative voltage of ~34 V applied to pin 10 of 


connector Zwii-i from the power pack of the range measuring and plan-position 


indicator systems. 


With negative pulses applied to the grid of the left~hand triode the 


electron relay is turned cver. As a result, negative voltage pulses whose 


duration depends upon the time constant of the discharge circuit of capacitor 


C11-13 composed mainly of capacitor 011-13 and resistor Ri1-23 are developed 
on the plate of the right-hand triode of valve V11-5. The duration of the | 
negative pulses taken from the plate of the right-hand triode can be adjusted 
with the help of potentiometer R11-23 within 10 to 50 microsec. The 


trailing edge of these pulses triggers the range marker forming stage, which 


_ provides the required delay of the pulses. 


The slotted shaft of potentiometer R11-23 is brought out to the front 
panel of the unit and is, marked MARKER DELAY. | 


The range marker forming stage employs the left~hand triode of valve 


Vi1-6 (6N8S) and is a cathode follower. The cathode load of the follower 


is resistor R11-51. 

In the absence of pulses from valve V11-5 the left-hand triode of valve 
Vii-6 is ue off by positive aeathode voltage taken off a voltage. divider 
formed by resistors R11~-28 anal R11—51. 

The negative square pulses taken off the plate of the right-hand 
triode of valve V1i-5 are furnished to a differentiating circuit composed of 
capacitor 011-15 and resistor R11-62. The negative and positive pulses 
are passed from the differentiating circuit output to the grid of the 
left-hand triode of valve V11-6.. In this case the negative pulses have 
no effect upon the Suess valve, while the positive ones seteuneondins to 


the trailing edge of the ai ae square pulses make it conducting. 


Crpaer 
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@ ; In the cathode of valve V11-6A, short positive voltage pulses of: 
15 Ke/ s frequency are developed, which are used to form range markers (on 
the sweep) spaced from each other at a distance corresponding to 10 kn. of 
slant nee These pulses are applied to the grid of the right-hand triode 
of mixer V11-8 from poventionaten 81429 which is used to voi their 
amplitude and, sepdoalenuy; the brightness of the range markers on the 


SWEEP. 





@ The knobbed shaft of potentiometer R11-29 is brought out to the front 


panel on the unit and is marked BRIGHTNESS. 


Signal Channel 
The signal channel consists of a video amplifier, a D.C. restorer and 
@ mixer. | 
The video amplifier aaevoye the left-hand triode of valve Vi1+7 
& (6N8s). The negative video signals from the output of the receiver range 
channel are applied through pin 9 of connector Zwi1-1 to the grid of the 
video amplifier oper ating at zero grid bias. | 
@ Due to comparatively low voltage of the plate supply (+120 yy) obtained 
as a result of +270 volts dropping across deooupl ing resistors R11-37, 
R11-38 and R11-39, the valve cut-off voltage is approximately -7 V. The 
cut-off of the video ‘amplifier plate current results in video signal 
voltage being clipped approximately at the noise level. This considerably 
improves the discrimination of weak signals since the aut tades (brightness 
| of images) of strong and weak signals are practically balanced. 
. The amplified ana clipped video signals of positive polarity are 
applied to the grid of the left-hand triode of mixer Vi1-8 from the video 
me amplifier plate through isolating capacitor C11-21. 
® The D.C. restorer employs the right-hand triode of valve V11-7. 
(6N8S) connected as a diode. It is designed to create D.C. initial 
potential on the grid of the mixer left-hand triode before arrival of every 


_ + wideo signal. Orpaer 
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The D.C. restorer plate and grid are earthed, while the cathode is 
connected to the grid of the left-hand triode of mixer v1i-8 and the right- 
hand plate of capacitor Giicen 

On oe of each positive video signal of the voltage taken off the 
video amplifier ie ishoetad capacitor C1121 is additionally charged. 
Should there be no D.C. restorer the capacitor would discharge very slowly 
in time intervals between the video signals because of the presence of large | 

_ resistance Ri1-43 (1 megohm) in its discharge circuit. . Therefore, after 
@ the signal, mained from a cluster of ground objects, or a group target, 
has passed through, the grid potential of the mixer left-hand triode would 
be found, for a comparatively long period of time, appreciably lower than 
its initial value, i.e. the valve operating point would be shifted to the 
left, to the section of the grid siasecreniatie with reduced transconductance’ 
@ (Fig.134). | Thus, the discrimination of weak signals following the long 
strong signals might be noticeably deteriorated. 
The D.C. restorer ensures rapid discharge of isolating capacitor 
C11—21 (Fig. 128) upon cessation of each video pulse inoue low resistance 
® of the conducting right-hand triode of valve Vi1~7. As a result each video 
pulse on the grid of the mixer left-hand iniode starts from the same initial 
potential. 

When the video pulse is coming to the mixer grid the D.C. neesonee 
valve is cut off and has no effect on the mixer grid circuit. 

The sive émploye valve v11-8 (6N8S) and is heetanda to produce a 
composite ‘atenea of positive polarity for the eater electrode of the 
cathode-ray tube (V11-9). | 
| The plates and cathodes of the mixer triode are interconnected, 

} i.e. the mixer operates as two cathode followers with a common cathode 
16a composed of resistor R11-44. 

| The grid of the mixer left-hand triode, as mentioned above, is fed 
with positive video a aiaae whereas that of the right-hand triode with . 


Amery 
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range oe and strobe pulses of positive polarity as well. Thus a 
composite signal to be applied to the control electrode of the cathode-ray 
tube is obtained on the eathiods load common to both triodes. 

The leak resistance of the mixer left—hand triode is resistor R11-43. 
The leak resistance of the valve right-hand triode is resistance of a 
circuit composed of resistors R11~46 and R11-29 connected in parallel with 
resistors R11-45 and R11-47. Thus, thé grids of both triodes of the mixer 
’ are earthed, therefore both triodes operate at negative bias equal in 
magnitude to the cathode potential. 

The strobe pulses from the range unit (from pin 3 of connector Zwit—1) 
are furnished to the grid of the mixer right-hand triode through isolating . 
capacitor C11~2, resistor R11-45 and poteritiometer R11~47, which makes it 
possible to change the value of strobe pulse amplitudes and, consequently, 
the strobe vrighthess on the indicator sweep. The shaft of potentiometer 
R11-47 is: brought out to the front panel of the unit, fitted with a knob 
‘and is marked STROBE BRIGHTNESS. 

Resistor R11—46 placed in series with potentiometer R11-29 and resistor 
R11-45 in series with cotentrcnuten R11-47 are eeenide qasinions connected 
into the circuits supplying strobe pulses oe range pulses to the grid of 
the cles right-hand triode. These resistors make the regulation of the 
amplitude of strobe pulses and range famiees on the mixer grid practically 
independent. 


Plan-Position Indicator 





Used as a plan—position indicator is cathode-ray tube Vii-9, type 
18LM35, with magnetic focusing and deflection of the beam. 

A magnetic field to focus the electronic beam is induced by focusing 
coil Li1-1 fitted on the tube neck. 

The focusing coil is enclosed in a ne of soft steel the inner 
cylindrical wall of which is provided with a circular slot. Due to the 


slot the lines of force of the magnetic field set up by the coil cannot 


CrNOrr .»./close through 
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close through the steel housing and siseee eis space in which the tube neck 
@ is arranged. 

The coil with the housing is so secured on the tube neck that it can 
te turned by means of two knobs 1 through a small angle about the two 
shafts set at right angles (Fig.130). This is necessary to bring the 
beginning of. the radial sweep on the indicator screen in the aeniee. 

For creating a magnetic field of the nequanen intensity direct Aieeent 
is passed through the focusing coil. For this purpose the coil is connected 

& in series with potentiometer R11-50 (Fig. 128) to the +270-volt supply of 
stabilized voltage. | 
The value of current in the focusing coil is adjusted by potentiometer 
R11-50 whose kmobbed shaft is brought out to the front panel of the unit 
and is marked FOCUS. By adjusting the current value ty imob FOCUS a 
sharply etl imed sweep can be obtained on the indicator screen. ~ 
Radial defleotion of the Sleatien beam from the tube axis is caused by 
' a magnetic field perpendicular to the tube axis. This field is created by 


saw-tooth current flowing through deflecting coil Liao; 





@ The deflecting coil L11-2 is designed as two sections connected 4K 
series; the coil is piseéa: inaias a paper-bakelite cylinder and fixed on 
the neck of the cathode-ray tube in front of the focusing coil by means of 
three ball bearings. 

Pressed on the deflection coil cylinder are two slip-rings connected | 
with the coil leads. The sips are fed with vol tage from two brushes: 
Bae brush connected to the unit chassis, the aiee to the cathode of the 
current amplifier (vi1-4), since the deflecting coil is the amplifier gedheds 
load. | . 
@ On the focusing coil side the deflecting coil cylinder inne a gear 
coming in mesh with the gear of the selsyn-transformer (M11-1) of the P.P.I. 


unit. Therefore, rotation epeeee selsyn—transformer is imparted. to the 


.o-/deflecting coil, 
Stoner | 
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deflecting coil, which causes a radial sweep to revolve on the indicator 
@ screen. | 

The deflecting coil and the cathode-ray tube are enclosed in a shield 
of sehialoy to reduce influence of a magnetic field created by the supply 
circuit of motor M11-2 upon the magnetic field of the deflecting coil. 

The control electrode of the tube is fed with strobe atsea: amplified 
video signals and range pulses. For a time of the sweep forward travel the 
cathode-ray tube is triggered by negative square pulses applied to the 

@ cathode of the tube from the right-hand twiode: of: valve V11-6 (brightness 


intensifier). 


Deflecting. Coil Rotation ! Seleyn Drive 
The selsyn drive rotating deflecting Seti L11-2 incorporates: a 
transmitting selsyn (M32-5) of the P.P.I. unit, a selsyn_ transformer (Mi1-1), 
@ a two-phase induction motor (M11~2) Meeting deflecting Aen, a two-stage 
ehrey voltage amplifier (valves Vi1-11 and V11-12). 
The deflecting coil rotation selsyn drive serves to rotate a radial 
sweep on the screen of the P.P.I. in arsmonten with the rotation of the 
@ radar antenna in azimuth. 
Transmitting selsyn M32-5 (a sae of the SS-405 type) is placed in 
the antenna pedestal. The selsyn rotor is coupled through gearing 1:1 to 
the axle rotating the antenna ma azimuth: the rotor winding is connected 
with 110 V, 50 c.p.s. A.C. mains.. The stator windings of the selsyn are 
connected to those of selsyn—transformer M1 1 ats, Alternating current flowing 
through the rotor winding creates a magnetic flux which varies sinusoidally 
in ite with 50 copes» frequency. This magnetic flux ‘induces A.C. 
electromotive force in the stator windings. © | 
@ Selsyn-transformer M11-1 (a selsyn of the SS-405 type) is located in 
the P.P.I. unit. It produces error voltage registering an error in 


matching the shafts of the selsyn-transformer and transmitting selsyn. 


{ 


‘@ranrr 
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The selsyn-—transformer rotor is coupled through gearing 13:1 to the deflecting 
@ coil of the cathode-ray tube and through gearing 1325 to the shaft of 
electric nation M11-2. 
Selsyn~transformer M11-1 operates as a single-phase transformer 


provided with three stationary primary windings and one movable secondary 





winding. Currents flowing through the stator windings of the selsyn- 
transformer induce a magnetic flux in the latter by the action of the 
transmitting selsyn voltage. 

& The mean square value of the voltage (error voltage) induced in the 
selsyn-transformer rotor winding depends upon the position assumed by its. 
rotor shaft relative to the magnetic flux and, consequently, upon the 
position of the transmitting selsyn rotor shaft. . When the shafts of the 
selsyn—transformer and transmitting selsyn are alianed the error voltage 

@ equals zero. 
The error voltage is an A.C. voltage whose frequency equals the mains 


current frequency (50 c.p.s.) whereas the phase coincides with that of the 





mains or differs from it by 180° depending upon the sign of the mismatch 
@ - angle between the shafts of the selsyn-transformer and the transmitting 

selsyn. . 

| The error voltage is applied from the rotor winding of the selsyn~ 

transformer to the error voltage amplifier (valves V11-11 and V1 4-12). The 

amplifier produces voltages controlling two-phase A.C. induction motor 

M11-2 (electric motor, type pAsM-50/20V) the speed of which is proportional . 

to the value of the error voltage and the direction of rotation is determined 

by the error voltage phase relative to the mains voltage. . 

The two-stage error voltage amplifier employs valves vi1-14 (628) and 

a @ Vi1-12 (6P8S). The first stage (Vi1-11) is a resistor—coupled voltage 


amplifier with negative feedback; the second stage (v11~-12) is an amplifier’ 





which matches the high resistance output of the first stage with the low 


input resistance of the field winding of aieoteid motor M11-2. 


CERF: 
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Negative seettate voltage is applied to the input of the first amplifier 
@ from resistor R11-58 which is part of a voltage divider connected to the 
output of the second stage. | | 
. Due to negative feedback the amplifier amplification factor is Reneeient 
to a lesser degree uioa: chalibee in supply voltages and output load resistance, 
valve replacement and other factors. 

The plate load of the steer stage (valve V11-12) is step-down 
transformer Tr9-5 installed in the power pack of the range measuring system. 

@ The output voltage of this stage, taken off the secondary winding of 
transformer Tr9-5 is applied to one of the field windings of motor M11-2. 

The second field winding of the motor is fed with uiiaes from step~ 
down transformer Tr9-4 whose primary winding is connected to 110 V, 50 CopeSe 
mains; placed in the circuit of this winding is capacitor C9-~7 to shift 

tins the supply voltage in phase by 90° relative to the amplifier error voltage. 
e Transformer Tr9—4 with capacitor c9-7 is located in the same place as 
transformer Tr9-5. 

When the antenna is apnea cae error voltage te developed in the ooten 

@ winding of the selsyn—transformer. The amplified error voltage controls 
the operation of motor Ml1-2 coupled mechanically through a reduction gear 
to the selsyn-transformer rotor rotation shaft and the deflecting coil. At 
every moment the phase of the control error voltage is such as to make the 


selsyn—transformer rotor rotate decreasing the mismatch angle. The 





continuous rotation of the antenna in azimuth causes continuous generation 
of error voltage, therefore the deflecting coil and, consequently, the sweep 
on the tube screen rotates in synchronism with azimuth rotation of the 
antenna. 

= To monitor voltages and observe oscillograms ‘the unit is provided with 
monitoring jacks connected to various points of the circuit and located on 


i 


the unit chassis. ,, 
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1. GENERAL 


The plate and filament circuits as well as bias circuits of the valves 


‘ 


in the range measuring system and plan—position indicator systems are 





upplied from two separate power packs: the power pack of the range 
measuring and pianesosiaicn indicator systems and the sSaee pack of the. 
@ vange measuring system. 

Used as a primary supply is 110 V, 427 c.p.s. mains. 

The power packs are composed of rectifiers and separate +epstounen 
supplying the units, stages and separate elements of both units with 
required D.C. and A.C. voltages. 

A block diagram of the power packs is presented in Fig.135. 

| e 2. POWER PACK OF RANGE-MEASURING AND 
PLAN-POSITION INDICATOR SYSTEMS 
The power ps. ck is composed of a +4800-vol t BSLESwAye ROGES SON) a 
@ ~1700-volt half-wave rectifier and a +490-volt full-wave rectifier with a 
+270-VOLt | stabilizer. 
A key. diagram of the unit is shown in Pig.136 (See Album), the front 


panel in Fig.137 and top view in Fig.138. 


+:4800-volt Reotifier 
The +4800-volt rectifier produces voltage to feed the second plate of 
the cathode—ray tube of the P.P.I. unit. It consists of step-up transformer 
Te5-3 (Pig.136) and kenoton V5-10 (W-0. 02/20). The ripples of the 
rectified voltage are smoothed by a filter composed of resistors R5-37 through 
& R5—-48 and capacitors C5-13 and 05-12. | 
To increases stability of the output voltage and to ensure discharge of 


the. filter capacitors after the rectifier is off, a series combination of 


-"eepary oe Peishee resistors 
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twelve resistors (R5-50 to R5-61) whose total resistance is 6.7 megohms is 





@ connected at the filter output. 


| 100-v0l + Rectifier 
The -1709-volt rectifier consists of step-up transformer Tr5-1 and 
kenotron V5-1 (2025S). The ripples of the rectified voltage are smoothed 
by a filter sedowieea of resistors R5-1 through R5-4 and capacitors C5-1 - 
05-3. 


The rectifier positive pole is earthed, the negative one is connected 





through connector Zw5-1 to the range and very narrow gate indicator unit to 
feed the clestrodes of the cathode-ray tube with -1700 volts. 
Conmnessed at the rectifier output is a divider formed by pauiatara 
_ R5-5 through R5-18, R5-64; this divider supplies ine following voltages: 
~i60 volts applied to the control grid of the current amplifier valve 
®& in the P.P.I. unit (through pin 6 of connector Zw5—-3)3 
-90 volis applied to the selector stage of the range and very narrow 
gate indicator unit Coenen pin 15 cf connector Zw5-2) 3 
+34 velts applied to the valve peas of the gating width electron relay, 
& the strobe—pulse width electron relay, to the control grid OF the trigger 
selector valve (all these componen mtsere: Losdted darane range wit) and to 
the valve grid of the marker delay electron relay of the P.P.I. unit 
(eoreuae pin 13 of connector Zw5-3 and pin 14 of connectcr zn5-2); 
-28 volts fed to the range and very narrow gate indicator unit to the 
valve grids of. the very narrow gate and electronic marker blocking Saollasone 
(through pin 12 of connector Zw5-2); 
-~5 volts epplace to the ‘control ‘grid of the trigger selector valve in 
the range unit (through pin 2 of connector Zm5-2)» 
@ The voltage of -z8 V is adjusted by variable resistor R5-18 whose 


slotted shaft is breught out to the front panel of the unit and is marked 


‘BIAS. | a 
| : SECRET. +e+/Taken from 
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Taken from windings of transformer Tr5-1 are filament voltages of valves 
and cathode~ray tubes of the range and very narrow gate indicator unit 
range measuring unit, power pack of the range measuring and P.P.I. systems, 


range unit and P.P.ZT. unit. 


+490—-voit Rectifier with +270-volt Stabilizer 

The vestifier supplies a stabilized voltage of +270 V to the plate 
givens of eanaee all valves of the range measuring and plan-position 
indicator systems but the very narrow gate tlocking oscillator, ihe first 
and second elcctric marker blocking oscillators, the sweep centring circuit 
of the range and very narrow gate indicator unit, the sweep generator of the 
P.P.I. unit which are fed with +490 volts from the output of the rectifier 
filter, and a push-pull output stage of the 50 c.p.s. amplifier of the 
automatic range finder which is fed from +-450-volt rectifier located in the’ 
power pack of the range Gicdsieine system. 


The rectifier consists of kenotrons V5-2, V5-3,'V5-11 (5C3S), step-up 


transformer Tr5-2 and a voltage stabilizer (V5-4 through V5~9). 


The EAPELGS of the rectified voltage are smodthed by a filter with a 
capacitive input gomposed of choke D15-1 and capacitors C5~6 and C5-7. 


‘The rectified voltage of +490 V is applied from the filter outpus to 


‘the range and very narrow gate indicator unit for feeding the blocking 


oscillators and sweep centring circuit, to the P.P.I. unit for feeding the 
sweep gonerator stage and to the voltage stabilizer, whoss simplified 
diagram is presented in Pig.139. | | 

i papal Ve? combination of four vaives (V5-4 through V5-1), type 
GU-50, performing the function bf ad juseeete resistors, is aonneoied: in 
series with the lead. ‘The res istence inserted by the valves in this circuit 
is regulated by coutrol valve V5-8 (pentode of the 6P9 type) so as to 


maintain a cons stant voltage a +270 V at the voltage stabilizer a 


= SECRET »e-/the control 
ce 
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The control grid of valve V5-8 is fed with a portion of the voltage 
© stabilizer output from the slider of potentiometer R5~-33 which is placed in 

the circuit of a divider formed by resistors R5—32, R5-33, R5-34. Thus, 
every variation of the stabilizer output voltage is accompanied by variation 
of the potential on the control grid of valve V5-8. 

When the stabilizer output voltage increases for some reason or other 
(change in mains voltage load current, etc.) the grid potential of valve 
V5-8 rises, which results in a reduced valve plate potential. This causes 


Ce an increase of the negative potential of control grids cf valves V5-4 





through V5-7 and makes the D.C. plate resistance of these valves rise. In: 
this case the stabilizer input voltage of 490 volts is sce redistributed, 
that voltage increases on the plate ~ cathode section of valves V5-4 through 
V5-7, and decreases nearly to the rated value across the load. 

@ With -the output voltage decreased, the plate potential of valve V5-8 
increases, while the D.C. plate resistance of valves V5-4 rn V5-7 
decreases. As a result the value of the output qoutes approximates: the 
initial rated value. | 

& The screen grid and cathode of control elie V5-8 are fed with voltages 
from a divider connected ‘in parallel with the stabilizer cutput. This 
divider consists of resistors R5-31, R5-29 and stabilovolt V5-9, type SG35, 
which maintains a D.C. voltage of +105 V (relative to earth) on the cathode 
of valve V5-8., This is done to enable a considerable Sumeion (over one 
third) of voltage to be applied from the stabilizer output to the grid of 
valve V5-8 thereby preserving normal operation of the valve (with small 
negative grid bias). With the selected circuit any variation of the 
stabilizer output voltage is impressed on the valve grid with transmission 

eo factor of about 0.3. Should stabilovolt V5-9 not be dace such transmission 


factor could not be obtained as the amplifier valves cannot normally function 


SEGPET | és Vee C5-9 
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Capacitor C5-9 connected between the sontrel grid of valve V5-8 and the 
ee. stabilizer output, increases the efficiency of the circuit in stabilizing 
quick cscillations and ripples of the output voltage. For A.C. component 
cf the area voltage of some dozens of cycles per second and higher 
capacitor C5-9 is rather a low resistance as ccmpared with that of the 
divider upper arm. Therefore, the output woiesse A.C. component is Saeed 
in full to oe grid of the control valve. 

Capacitcr C5-10 connected in parallel with valve V5—9 improves 

& stabilizing sete of the valve at rapid changes of the voltage. Besides, 
capacitors C5-10 and C5-11 make the circuit opveration more stable protecting 
it against self-oscillations at high frequencies. 

The stabilizer output voltage is regulated by means of potentiometer 
R5-33 whose knobbed shaft is brought out to the front panel and is marked 
STABILIZED VOLTAGE. Should the position of the potentiometer slider be | 
slightly changed the output voltage would largely vary, which should be kept 
in mind when regulating the voltage. | 

Divider R5-35 and R5-36 (Fig.136) connected at the output of the voltage 
eS stabilizer feeds a veltage of +19 V to the trigger pulse amplifier of ‘the 

BPD. unite oe 

The front panel of the power pack of the range measuring and plan- 
position indicator Svetons is provided with voltmeter Pp5-1 (type M-52) by 
means of which the value of the stabilized voltage is checked. 

The power packs are fed with 110 V, 50 copes. and 110 V, 427 c.p.s. 
through three switches (W5-1, W5~2, W5-3) located on the front patil of the 
unit (See Fig.137). | | 

With oe switch W5-1 on (Fig.136) 110 V, 427 C.p.s. are applied to 

@ the primary winding of transformer Tr5~1 end to the input of, the range 
measuring system power pack. In this case heaters of valves in all units 


are energised, 1700-volt rectifier of the range measuring and plan—position | 


Srenry .e/indicator systoms 
OP hE 
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indicator systems and *450-volt and ~210-volt rectifiers of the power pack 
@ _ of the range measuring system. 

The application of voltage to the power packs is indicated by means of 
damp 512 located on the front panel of the power pack. 

Switch W5-2 turns on a stabilived voltage of +270 V, a voltage of 
110 V, 50 cepess being simultaneously applied to transformer Tr9-3 of the 
range measuring system power pack. Switch W5-3 energizes the +4800-volt 
rectifier of the power pack of the range measuring and plan-position 


& indicator systems. 





The front panel of this power pack carries four fuses: B5-1 for 104 
in the 110 V, 427 c.p.s. common circuit of the pack, B5-2 for 64 in the 
circuit of valve filament transformer Tr5-1, B5-3 for 6A in +490-volt 


rectifier circuit and B5-4 for 2A in +4800-volt rectifier circuit. 
& . 3, POWER PACK OF RANGE-IMEASURING SYSTEM . 


The power pack of the range measuring system (See Fig.140, Album) 
incorporates a +450-volt full-wave rectifier and a -210-volt full-wave 
stabilized voltage rectifier. Besides, tis ponent pack aosommoda tes step~- 
down transformer Tr9~-4 feeding the uncontrolled winding of motor Mii~2 of the 
P.P.I. unit with 20 volts, 50 C.pess, output transformer Tr9—-5 of the 
error voltage amplifier of the P.P.L, unit with transformation ratio 1031, 

eesdine voltage to the control winding of motor M11-2 and transformer Tr9~3 
ath transformation ratio 13:1 from secondary winding of which voltage is 
taken to motor M4-2 of the range mechanism unit and to transformer Tr7-4 
located in the automatic range finder unit. Transformer Tr9-3 isolates 
110 V, 50 copes. circwit from the earthed winding of motor M4~2. 
The front panel of the power rate is shown in Fig.141, while its top 


view in Fig.i42. 


CEORET 7 1 +/4450-volt Rectifier 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/1 9: CIA-RDP80T00246A031400010001-1 











Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


SECRET 


ZADOT ia 


+450-volt Rectifier 


“. The rectifier is designed to supply the plate circuits of the output 
stage of the 50 copes. error voltage amplifier of the automatic range finder 
and incorporates transformer Tr9-1 (Fig.140) and kenotron V9-1 (5C3S). 

Taken from the filament winding of transformer Tr9~-1 (leads 6 and 7) 
is a voltage of 6.3, 427 copes. to heat all the valves of the automatic 


range finder, with the exception of a filament voltage of 6.3 V, 50 copes. 


for the D.C. current amplifier valves which are fed from separate transformer 


Tr]7-4 situated in the automatic range finder unit. 

The rectified voltage ripples are smoothed by a filter composed of 
choke D19-1 and capacitors C9-1 and 09-2. 

A voltage cf +450 V from the filter output is applied to the automatic 


range finder unit through pin 9 of connector Zw9-1. 


~210-volt Stabilized Voltage Rectifier 
The rectifier is intended to supply a stabilized voltage of ~210 V to 


the strobe delay circuit of the range unit. The rectifier consists of 
transformer Tr9~-2 and kenotron V9-5 (5038S). 

The rectified voltage ripples are smoothed by a filter composed of 
capacitors 69-3, (9-4 and choke D19-2. 

The voltage is stabilized by means of two stabilovolts V9-3 and 
v9o-4 (8638) connected in series. 


Load resistor R9-2 is so designed that a current of about 12 mA passes 


through the stabilovolis and a voltage of ~210 V is set on the cathode of | 


valve V9-4 (pin 2). An increase or decrease of the supply voltage causes a 
change in the current flowing through the stabilovolts but the characteristic 


of the gas discharge in them is such that the voltage across the stabilovolts 


' remains constant. 


Capacitors C9~5, C9~6 are connected in parallel with stabilovolts V9-3, 


and v9~4 and serve to improve stabilization when there are pulse changes in 


‘the load or voltage. SECRET 
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The front panel of the power pack (Fig.141) carries four 54 fuses: 
@ two fuses (B9-1 and B9-2) in the 110 V, 427 copes. circuit, the other two 


(B9-3 and B9~4) in the 110 V, 50 c.p.s. circuit, and a clock. 
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Chapter 7 
e : ANTENNA POSITIONING SYSTEM 


4, GENERAL 


The antenna positioning system serves to.control the antenna rotation 
in azimuth and elevation. . 
The system permits the following three ioaes of operation to be used, 
manual control, automatic circular or sector scanning and eboiatae target 
@ 2 | tracking in azimuth and elevations | | 
‘ “a9 Furthermore, the antenna can be remotely cdhtroliea from the FUAZO-~6, - 
In all modes of operation the antenna is rouse in azimuth and 
elevation by two drive motors which are included in the azimuth and 
elevation ‘eiowes selsyn saves : 
In each eae of operation the selsyn drive is controlled differently. 
& During manual control the antenna is turned aue to meat rotation of 
the antenna control unit handwheels. | 
During automatic circular scanning the antenna is automatically 
rotated clockwise (as viewed from the top) with a speed of 12 eda: 
““dgibenatie circular scanning may take place at any given fixed . 
elevation or with elevation COVELAZEs - 
During automatic circular scanning with elevation coverage the 
antenna rotating in azimuth simultaneously makes automatically periodic 
oscillations in the assigned sector in elevation. For eight revolutions 
in azimuth the antenna is lifted up by 2-00 and for one (the ain) 
revolution is lowered down to the initial position. 
During automatic sector scanning the Set caneccutcnee tently 
oscillates in azimuth within a sector of 4-00 to 9-00 at a rate of 30 


complete oscillations per minute. The scan sector may be set at will 






within limits of 00~00 to 60-00. . 


Simultaneously with oscillations in azimuth the antenna can 


SECRET +ee/oscillate in 
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oscillate in elevation within 1-70 to 2-10 at the antenna initial positions 

in elevation from 00-00 to 12-50. For four oscillations in azimuth the 

antenna is lifted up and for one (the fifth) oscillation is lowered downs 
During automatic target tracking the antenna is automatically rotated 


in azimuth and elevation following the changes in the target azimuth and 


.elevationo 


The antenna positioning system is comprised of the following seieasits 
and wits: an automatic tracking uit, an elevation and azimuth tracking 
unit, an antenna control unit, an antenna pedestal, a power pack of the 
drive motor field windings, azimuth and elevation drive motors, a 
reference voltage generator (GON) and azimuth and elevation amplidynese 


As was mentioned above at any mode of operation the antenna is 


‘rotated in azimuth and elevation by means of an azimuth and elevation 


drive D.C. motor located in the antenna pedestal. 
The armature windings of the drive motors are supplied from the 


azimuth and elevation amplidynes. The magnitude and polarity of these 


voltages, which determine the. speed and direction of the motors' rotation 


respectively, depend upon the magnitude of control voltages applied to the 
control windings of the ainplidynes Prom the azimuth and elevation tracking 
units 

These voltages depend upon the phase shift between the reference 
voltage and the error voltage applied to the input of the azimuth and 
elevation tracking unite | 

During manual control, automatic circular or sector scanning the 
input of the azimuth end elevation tracking unit is fed with two 
independent error voltages (azimuth and Sigeation) of 50 c.peSe frequency 
and one reference voltage of the same frequency, 

During automatic target tracking the input of the mit is fed with 


one error voitage of 24 cepes. frequency containing azimuth and elevation 


| : SECRET »«e/components , 
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components, and two reference voltages (azimuth and elevation) of the same 
frequency; which differ by 90° in phases 

Ons mode of operation is changed over to another by means of a 
function switch located on the panel of the antenna control unite 

During the_antenna manual control the azimuth and elevation error 
voltage circuits are identical (Fig. 14.3)6 

| Each of two error voltages is produced by a transmitting selsyn 

located in the antenna control unit and by a selsyn~transformer located 
in the antenna pedestal. 

The rotors of the transmitting selsyns are retarded during manual 


control, while the stators are coupled through a mechanical linkage with 





the azimuth and elevation handwheels. The rotor of the azimuth selsyn~ 
transformer is coupled through a 181 gear ratio with the shaft which 
rotates the antenna in azimuth while that of the elevation selsyn- 
transformer through a 1:4. gear ratio with the shaft rotating the antenna in 
elevatione | 

The rotor winding of the transmitting selsyn is supplied: with 
110 V, 50 CepeSe the Alternating magnetic field of the rotor induces in 
three seater windings alternating E.M.F. which feed the three stator 
windings of the selsyn-transformer. 

The currents flowing in the selsyn-transformer stator windings set up 


a common alternating magnetic flux. If the axis of the rotor winding is 


‘perpendicular to the stator magnetic flux direction, then the voltage 


across the rotor winding is zeroes 

When the stator of the transmitting selsyn is turned by the handwheel 
the magnetic fluz of the selsyn-transformer stator turns likewise and an 
alternating FeM.F. of 50 osp.S. is induced in the winding of the selsyn~ 
transformer rotor. This E.M.F. is used as an error voltages 


The magnitude of the A.C. voltage depends upon the angle of turn of 


SEcrey 


“ eee/the transmitting selsyn, 
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the transmitting selsyn, while the phase is reversed by 180° with the 





@ change in the direction of the handwheel rotations 


The error voltage is applied to the input of the azimuth and 





elevation tracking mite This unit is also supplied with a reference 
voltage at a frequency of 50 cepese applied from the reference voltage 
transformer, located in the entenna control unite 
In the azimuth and elevation tracking unit the error welts is 
converted with the help of the reference voltage into constant control 
@ voltage, applied then to the appropriate aiaaayess ~ The magnitude and 


polarity of the voltage at the amplidyne output depend upon the magnitude 





and phase of the error voltage, ise. upon the magnitude of the angle and 
direcsion cf the rotation of the transmitting selsyn stators 

The aimplidyne output voltage causes the appropriate drive motor to 
turn the antenna and the rotor of the celsyn-transformer so that the axis 

@ of the selsyn-transfermer rotor winding is set at right angles to the stator 
| magnetic flux, ic@e so that the error voltage is reduced to zero. In 
this instance the output voltage of the amplidyne falls to zero and the 
drive motor comes to a stopo 
® During automatic circular scanning the operation of the control 
system is similar to its operation during manuel control except that the 
stator of the azimuth transmitting selsyn is peteltea not manually, but by 
a circular scan motor located in the antenna control unit. The same motor 
‘ 
ean drive the elevation transmitting selsyn stator through a cam gear for 

automatic elevation sector scanning. The initial position of the antenna 
in elevation during scanning is set with the help of an elevation 
handwheel. Elevation scanning can be turned on or off by ane of a 
mechanical switch located in the antenna control unite 

During automatic sector scanning the operation of the control system 
is identical to its operation during manual control or automatic circular 


gener ooo/meaning, 
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scanning, except that the stators of the azimuth and Siesation. teiciemiteing 
selsyns are turned in the assigned sector by the motor through special 
eccentrics. | 

Both @uring circular and sector scanning the automatic antenna 
swinging in elevation may be switched off. 

During automatic target tracking in angular co-ordinates the error 
signal in the station is obtained by the use of the equisignal zone method 
(See Chapter I, Section 3)e 

In this case the error signal is produced as a result of continuous 
rotation of the antenna radiation pattern at a speed of 1440 repome 
(2. ropeS)s 

The axis of the radiation pattern is off the antenna geometrical 
axis by 0~23 5 The latter during automatic target tracking will practically 
coincide with the direction of the equisignal zone or with the so-called 
antenna électrical axise 

if the direction of the target and the antenna electrical ( geometrical ) 
axis do not coincide, the electromagnetic pulses returned from the target 
and coming to the receiver input will be amplitude-modulated at a frequency 
of 2h CopeSe The percentage modulation of the pulses depends upon the 
angle between the antenna electrical axis and the target direction, while 
the echo pulse envelope is determined by the deviation of the target ies 
“direction from the antenna electrical axis, isee by the relationship, or 
the deviation of the target in azimuth and elevation from the electrical 
axiLse 

From the output of the receiver automatic breaching channel the echo 
pulses, amplitude-inodulated at a frequency of 2) CepeSe, are furnished to 
the input ef the automatic tracking unit (Pige 44J.) in which the pulse 
envelope voltage iz separated and amplified. 

The output voltage of the automatic tracking unit, which is referred 


— SEPRET 


e«»/to as the error 
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to as the error voltage, is applied to the input of the azimuth and 
elevation tracking unit. Furthermore,. the unit is supplied with two 
reference voltages of 2h GepeSe which are 90° out of phase with each others 

These voltages are produced by the reference voltage generator 
located in the antenna pedestale The generator rotor shaft is coupled to — 
that of the antenna head. 

In the azimuth and elevation tracking unit the. error voltage is 
converted with the help of the two reference voltages into the azimuth and 
elevation control voltages, which are then applied to the control windings 
of the appropriate amplidyness 

The output voltages from the amplidynes are fed to the azimuth and. 


elevation drive motors, which turn the antenna in azimuth and elevation so 


‘that the antenna electrical axis coincides with the target direction. 


In this case the target echo pulses < are amplitude-balanced, and 
therefore the output error voltage of the automatic tracking unit falls to 
zero and the drive motors come to a stope 

At ang deviation of the target from the antenna electrical axis the 
echo pulses becomeamplitude-modulated at a frequency of 2h CepeSo, an error 
voltage is produced at the output of the automatic tracking unit and the 
drive motors turn the antenna in azimuth and elevation until its electrical 
axis coincides with the target directione — 

When the target is moving the error signal continuously changes and 
causes the drive nobens to turn the antenna thereby matching its electrical 


axis with the target directions 


29 OBTAINING THE ERROR SIGNAL DURING AUTOMATIC 
~—PARGED TRACKING 
If the target is Located on the axis of the radiation pattern 
(Pig. 145, Point A), the energy reflected from the target will be at 


maximum (let us say 100 per cent). 


SECRET eo e/When the target 
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When the target is off the axis of the radiation pattern (Point B) 
by 0-08, the power of the echo si tenet makes up 95 per cent of the maximum, 
wien shifted by 0-23 (Point C) is 80 per cent, and by 0-42 (Point D) 1s 
50 per cents of the maximum values 

Due to the fact that radiating components of the antenna head aré 
electrically asymetric with respect to the axis of its votebion, the 
direction of maximum radiation, ise. the axis of the radiation pattern, is 
off the antenna electrical axis by 0-23. 

During automatic target tracking the antenna er (and, consequently, 
the electromagnetic beam) is rotated about the antenna electrical axis at 
a speed of °1440 repems by the three-phase jeatetice motor which drives 
simultanecusly the rotor of the reference voltage generator. 

In this instance the direction of maximum radiation describes a 
sone in space (Fige 146). 

If the target is on the antenna electrical axis (Fige 147, a) the 
echo signal voltage at the receiver output is constant and makes up 
80 per cent of the maximum possible value irrespective of the position of 
the electromagnetic beam in spacéo 

If the target is off the antenna electrical axis by 0-23 
(Figs 147, b), the echo signal voltage at the receiver output varies from 
30 to 400 per cente | 

The envelope of the amplitude-modulated echo pulses is changed 
approximately sinwsoidally. Since the electromagnetic beam rotates at a 


speed of 1,440 ropeme, the frequency of the echo pulse envelope iss 


pe MLO 
g a 


This frequency is inherent to two other voltages produced by the 








= 2h. GoDeSe 


reference voltage generator, one of which is referred to as the azimuth 
reference voltage, the other as the elevation reference voltages These 


two voltages have since wave forms and are 90° out of phase with 


Cr CET - es e/each other. 
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& The angular value by which the echo pulse envelope is shifted in 





phase with respect to the azimuth and elevation reference qoltaces is 
determined by the aviation of the target from the entema electrical axis 
in azimuth and elevatione 

Fige 148 shows the alteration of the echo signal voltage during one 
revolution of the antenna head for the following three cases? 

~ The target is off the antenna electrical axis in azimuth only. 

& - The target is off the antenna electrical axis in elevation onlye | 

~ The target 4s off the antenna electrical axis by the same angles both 
in azimuth and elevatione 

In the first instance the envelope of the echo pulses is in phase with 
the azimuth reference voltage and, consequently, differs in phase by 90° 

@ gate respect to the elevation reference voltage ( ? B= 0°; Pe= 90°). 

In the sagan instance the envelope is in phase with the elevation 
reference voltage and is 90° out of phase with respect to the azimuth 
reference voltage (” g = 90°93, = 0°). 

@ In the third instance the envelope is shifted in phase by the same 
angles relative to both reference voltages ( 8 = 45°3 ?. = iss 
In general.the envelcpe of the echo signals may be considered as a 
sum of two A.C. components which are 90° out (of phase with each other, the 
components characterizing the deviation of the target from the antenna 
axis in azimuth and elevation respectivelye 
A change of the magnitude of the angle between the target direction 
and the sabedhe electrical axis causes a change in the echo pulse 
amplitude limits, ie¢. the echo pulse percentage modulations 
& When the target is off the antenna electrical axis by 0-23 


(Pigs 149, a) the modulation factor of the echo pulses is: 


a , 100 = 50 OQ = Oe 
AO cy 50 Jt 


If the target is off the antenna exis by O-1105 (Figs 149, b), the 
pea he x _ CUP RRS 
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amplitude of the echo pulses varies from LO to 90 per cent of the maximm 





® possible value. Therefore, the modulation factor is: 
= 90 = 10 = 40 = Oe 38 
B00; uo 


Thus, the percentage modulation of the echo pulses characterises 
the angular displacement of the target from the antenna axis, while the 
envelope phase with respect to the reference voltages characterises the 
direction of the target displacement from the antenna axiso 
@ The echo pulse envelope is separated after the echo paises have been 


detected in the automatic tracking wnit and is used as an error voltage 





during automatic target trackinge 
3. BLOCK=DIAGRAM OF ANTENNA POSITIONING SYSTEM 
DURING AUTOMATIC TARGET TRACKING 
A block-diagram of the antenna positioning system during automatic 
6 target tracking is shown in Fige Abs. 
The echo signals, which are amplitude-modulated at a frequency of 
2h GoPeSe, are picked up by the antenna and passed to the receiving system. 
®@ As a resuit negative amplitude-modulated voltage pulses of 2h CeopeSe are 
obtained at the output of the receiver automatic tracking channels 
The output voltage of the receiver automatic tracking channel 
amplifier is applied to the input of the automatic tracking unit, which is 
composed of three stageSe 
The first stacey ieee an error voltage detector, serves to convert 
short echo pulses into a voltage of constant polarity which changes 
depending on the form of the echo pulse envelopes 
The output voltage of the detector stage consists of D.C. component 
£ and A.C. component of 24 cepsse fundamental frequency. Moreover, this 
voltage contains a series of higher harmonic components, comparatively 
small in amplitude. 


The detector output voltage is ayplied to the second unit stage, 


xe . a ‘Cipprr wes /LeGe to the 
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we to the resonance amplifier with automatic gain controle In this 
stage the detector voltage fundamental AeC. component of 2) Cepese is 
separated, amplified and is then furnished te the third stage -a _ 
balanced amplifiers The latter produces a voltage of 2h. CePpoSe renaieed 
to during automatic tracking as an error voltages 

The error voltage is fed from the automatic tracking unit to the 
input of the azimuth and elevation tracking unite 

The automatic tracking unit is comprised of two channels: an 
azimuth and an elevation channel. 

During automatic tracking the input of both channels is fed with 
one common error voltage from the automatic tacking unit and two separate 
heforance voltages of 2h Gepede frequency that are 90° out of phase with 
each other, fed pees the reference voltage generatore 

The reference voltages are used to Sept the elevation and azimuth 
components from the common errcer voltages | 

The error signal is divided into the azimuth and. elevation components 
in the commutator stages of the azimuth and Jieeatied: Guanneias | 

‘The reference voltages are impressed on the commutator stages after. 
‘ies pat saaee have been converted by the forming stages into square-waves 
youtaaes: 

As a seault of combined operation of the error voltage and two 
reference voltages azimuth and elevation control voltages are generated at 
the output of the commutator stage filters. The control voltages are DeC. 


voltages whose magnitude and polarity depend upon the amplitude of the 


error voltage and phase relationship between the reference voltages and the 


error Foltades 

Fach control voltage is impressed on the input. of the DeC. amplifier 
which employs two valves based on a balance circuits 

The amplified control voltage is used to feed the amplidyne control 


“s SEparT 


eoo/Windingse 
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windingso | 
e a | The amplidyne amplifies the output power of the DeCe amplifier to a 
magnitude required for feeding the armature winding of ie drive motor 
located in the antenna pedestals | 
The field windings of the drive motors are fed with 300 V from the 
drive motor field winding power packs 
The magnitude and polarity of the amplidyne output voltage depend 
upon those of the control voltage which is determined by the deviation 
& (in azimuth or elevation) of the antenna electrical axis from the Gepaet 
directions ; 
The automatio tracking system funtions so that at any. deviation of 
anterna electrical axis from the target direction control voltages appear 
ick after having been amplified in the DC. amplifiers of the azimuth and 
@ elevation tracking unit and in the amplidynes, are applied to the drive 
motors. These turn the antenna until its electrical axis eoincides with 
the target ern 
When the antenna sientcieal axis ig brought in line with the target 
& direction the error voltage and, seiscieseig the output voltage of the . 
amplidynes become equal to zeros However, the ae inertia may cause the 
antenna to pass the position of the exact target Girectione This will 
result in an error voltage of opposite phase, the polarity of the control 
voltages will be reversed and the motors will start turning the antenna 
to the target direction. But in this case the. antenna may also overshoot 
the position of the exact target direction, etce As a result hunting 
will occure - 
To avoid hunting, the control system is damped by means of negative 
© feedback generated by the counter-electromotive force of the drive motorse 
The drive motor counter-electromotive force is applied through the 


feedback amplifier of the azimuth and elevation tacking unite 


oat ss  eee/The output wi age 
| | ‘SECRET i tput voltag 


x 





| Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


_ Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


OLURET 


- 220 = 


The output voltage of the feedback amplifier acts on the DeCo 
@ amplifier in such a manner that when the antenna electrical axis approaches 
‘the target direction the control voltage decreases and the antenna slows 
dcwn to the exact target directions 
As a result the antenna overshoot decreases and after swinging two or 
three times the antenna stops and points to the exact target directions 
To eliminate the antenna hunting with resultant overload of the drive 
motors the torque of the motors is limited by negative feedback developed 
@ by the drive motor armature currente 
The voltage from the resistors connected in Seen with the drive 
‘motor armature circuit is applied to the torque limiting stage. The 
output voltage of this stage is impressed on the D.C. amplifier stages 
When the armature current exceeds the permissible value, the torque limiting 
Ss stage will act on the D.C. amplifier to reduce the control voltages This 
| will result in a decrease of the amplidyne output voltage and in a 


reduction cof the drive motor speede 


oe OBTAINING THE ERROR SIGNAL DURING ANTENNA 
@ MANUAL CONTROL 


The error signal during manual control, auitematic circular or 
sector scanning is produced by means of transmitting selsyns and selsyn~ 
transformers. 

The azimuth and elevation error signals are obtained in the same 


manner, therefore let us consider the way the error signal is obtained in 


The transmitting selsyn is ‘ocated in the antenna control unite ' The 


selsyn rotor is fed with 110 V, 50 Gopese The movable stator of the 







azimuths ° 
| 
| 


~ transmitting selsyn is coupled through mechanical transmission to the 
ee 


si 


: panames) controlling the antenna rotation in azimuthe The handwheel is 


ta 


: situated « on tne ene sanel of the same unit. Three stator windings 


| ss CLPALT e»/of the transmitting 
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of the frenamieting selsyn are conneated with those of the azimuth selsyn~ 
transformer located on the antenna pedestal base platee 

Fige 150 shows the arrangement of the stators and potas of the. 
transmitting selsyn and stage tpendroren in case of maximum voltage 
across the rotor winding of the selsyn-tranformers 

The axis of the transmitting selsyn stator winding Wy is at right 


angles to that of the retor winding and, therefore, no electromotive force 





WELL be Anduoed in it with alternating current flowing through the rotor 
windings | | | | 
The axes of the transmitting selsyn stator windings Wo and Wz are not 
perpendicular to the rotor winding axis and, therefore, AeCe electromotive 
forces will be induced in them by the action of the roter variable magnetic 
- flux. | | 
The stater windings of the transmitting selsyn are connected with 
those of the Bete yanheaneiones > therefore by the action of the 
elestromotive ferces induced in the windings of the transmitting selsyn 
stator, the stator windings of the selsyn-transformer will handle 
alternating currents Io and Ize They build up two variable magnetic 
fluxes ©, and ©, in windings wp end wy of the selsyn—-transformer stators 
The resultant magnetic flux of the selsyn-transformer stator is a 
: geonetitea sum of two variable Ridses of stator windings Wo and Ws 


located in space at an angle of 60°s 


The axis of the selsyn-transformer rotor winding is saratial to the 
resultant flux, therefore maximum voltage will be induced in the rotor 
windings | | 

Tf the rosor of the selsyn~transformer is tumed by 90° (Fige 151) 
the resultans variable magnetic flux of the selsyn-transformer stator 
is found to be at right angles to the axis of the its rotor windings In 
this instance the electromotive force induced in the rotor winding of the 


ee SECRET 
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@ selsyn-transformer will equal zeroes 
Let us consider what will happen if the transmitting sélgyn stator 


(position shown in Fige 454), is turned clockwise through a certain angle 
(Fig. 152). The Si getedo tive force induced in the transmitting selsyn 
stator windings makes the stator windings of the selsyn-transformer take 
alternating currents qi; q, and. Ty | 
The total magnetic flux of the transmitting selsyn stator windings 
equal to the geometrical sum of the magnetic fluxes of all three windings 
® has at any time the same direction as the rotor Pic. 3 | 
As the currents flowing through the epiccpridte -stator windings of the 
transmitting selsyn and selsyn-transformer are equal, the resultant 
magetic flux of the selsyn-transformer stator is located with peceegt to 
the axes of the stator windings in the sane way as the magnetic flux of the 
& transmitting selsyn rotor to the axes of the selsyn sestor windihgs. 
Thus, after the transmitting selsyn stator has bcen turned Pieuah 
angle the resultant magnetic flux of the selbyn-transformer stator will 
| tur through the same angle due to a change of the amplitude of the currents 
& ‘flowing through its windings. | : 
| In the rotor winding of the selsyn-transformer the electromotive | 
force will be induced whose magnitude is proportional ‘to component ® ‘ of 


resultant magnetic flux @ » directed in parallel with the axis of the 





selsyn-transformer rotor winding (Pig. 152). 











When turning the transmitting selsyn stator counter-clockwise through 
angle relative to the initial position (Fig. 153) the Suita 
magnetic flux of the selsyn~transformer will also turn seule ee caine 
through the same angle relative to the initial position presented in 
© “Fig. 154. 
In the selsyn-transformer rotor the EMF. will be induced by 
component © 4 of the resultant magnetic flux of stator D , the component 


SrORET 
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being in parallel with the axis of the rotor winding. The direction of 
@ flux (Figo 153) is opposite to that of flux ®, (Fige 152) obtained when 
turning the transmitting selsyn stator clockwise, therefore the voltage 
phase in the rotor of the selsyn-transformer in the latter case will aiffer 
by 180° from the veltage phase in the rotcr winding in the former cases | 
When turning the transmitting selsyn stator clockwise through an 
angle from 0 to 90° relative to the initial position (show in Fige 151), 
the EolieF, induced in the rotor winding of the selsyn-transformer will vary — 
@ in value from 0 to 45 - 50V and again to 0 when turning it through 180°. 
While turning the transmitting selsyn stator counterclockwise 
relative to the given initial position, the E.M.F. in the rotor winding of 
the selsyn~transformer will vary within the same limits, but its phase will 
£ differ by 480°, 

e , The arrangement of the stators and rotors of the transmitting selsyn 
and the selsyn-transformer showm in Fige 151 when there is no E.MeF. in the 
selsyn-transformer rotor winding is called a static position. | 

Senses; when the transmitting selsyn stator is turned through 

& some angle from the static position an alternating Eels. will be induced 

in the selsyn-transformer rotor winding, whose magnitude and phase depend 
upon chesmaana bade of the angle and direction cf the transmitting selsyn 
turne 
This is accompanied by a voltage appearing soeoes the terminals of the. 
selsyn=transformer rotor windings This voltage is caused by the turn of 
the transmitting selsyn and is called the error voltage during manual 
controle In the initial position this voltage equals zero. 
A block diagram of the entenna positioning system during manual 
@ control is presented in Pigs 15a | 


To rotate the antenna in azimuth it is necessary to turn the azimuth 






handwheel of the antenna control unit kinematically coupled with the stator 
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of the azimuth tranemitting selsyne As a result the magnetic flux of 
@ the selsyn-transformer stator turns and an alternating EoMeFo is induced i 
the rotor winding. The H.iiF. develops ae error voltage of 50 cepeSs 
which is applied to the input of the commutator stage of the azimuth and 
elevation tracking unit. | 
The plates of the commutator stage valves are fed with a reference 
voltage of the same frequency as the error voltage (50 cepese) squared in 
the forming stage. 
@ The azimuth commutator stage produces D.C. control output the 
magnitude and polarity of which depend mpon the magnitude and phase of the 
azimuth error vceltages . 
| The successive elements of the antenna positioning system operate in 
the same way as during automatic tracking. 
& As the @rive motor turns the antenna in azimuth, the rotor of the 
azimuth selsyn-transformer turns todos 
When the stator of the transmitting selsyn is turned through an angle 
smaller than 180°, an error voltage is taken off the selsyn~transformer 
& rotor, whose phase amounts to such a value at which the drive motor turns 
the antenma pedestal and the rotor of the selsyn-transformer as to reduce 
the error iene to Zeros After two or three oscillations the antenna 
stops in a new positions | 


The antema manual control in elevation is carried out similarlye 


é 


5. AUTOMATIC TRACKING UNIT 


The automatic tracking unit (Fig. 155 and 156) serves to separate 
the error voltage of 2 Cope Se from the video signals coming from the 
@ output of the receiver automatic tracking channelo 
The automatic tracking unit consists of three Sass (Fige 157): 
an error voltage detector, a resonance amplifier and a balanced amplifier, 


: SFERET oe 0/Moreover,y 
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Moreover, the unit incorporates a rectifier to feed the automatic tracking 
@ unit, thé azinath and elevation tracking unit and the coarse antenna 
position selsyne | 
The unit is mounted on three separate chassis. As viewed from the 
top (Fige 156) the chassis located closer to the front panel carries 
receiving selsyns M6—1 and M6é~2. The middle chassis carries the error 
signal detector, resonance and balanced amplifiers. The rear chassis 
sous the rectifier feeding the automatic tracking as well as the azimuth 
¢ and elevation tracking unitse | 
- A key diagram of the automatic tracking unit is presented in Fige158 
(See Album). 
Error Signal Detector 
The error signal detector (Fig. 159) serves to convert video pulses 
@ coming from the receiver automatic tracking channel into a continuously 
operating yoltage whose magnitude dustews: simiwarly to the amplitudes of 
the receiver video sade The detector employs double diode 6H6S (V6—2). 
The valve cathode is fed with negative voltage pulses from the receiver 
@ automatic tracking channel through resistor R6~5e 
During operation of the negative pulses capacitor C6-h ine: 
through resistor R6-5 and the valve. In the pulse intervals capacitor _ 
C6-4 slowly discharges through resistor R6-6. 
The detector plate voltage changes following the alterations of the 
amplitudes of the video signals (applied to the detector input) and is an 
AcCs voltage with 2h CePeSe fundamental frequency, containing the D.C. 
component o 
The waveforms cf the detector output and input voltages are shown 
@ in Fige 160. 
On account of the time wensteek of the charging circuit of 
capacitor C6- (Fig. 459) the AeC. component of the voltage lags in phase 


; SECRET ; eeo/by a certain 
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by a certain angle Y relative to the input pulse envelopee This phase 


shift is compensated for by an appropriate reversal of the reference 





voltage phase which is effected by turning the stator of the reference 
voltage generatore | 


From potentiometer R6-6 part of the negative relative to earth voltage 





acting across capacitor C6-4. is applied to the control grid of valve V6~3 


(Pige 1 58) of the resonance anplifiere The slotted shaft of potentiometer 





R6-6 is brought out to the front panel of the unit and is marked AGC. 
@ Resonance amplifier 
The resonance amplifier is used to separate and amplify the AcCe 
component (of 2h CepeSe) of the error voltage detector output sea to 
reduce errors in determining angular co-ordinates caused by chance ripples 
of the echo signal amplitudes not dependent upon the rotation of the. 
& antenna radiation pattern in epeees 


The ripple of the echo pulses is caused by continuous variation of 





the size of the aircraft effective eorieciinn surpasses 
To reduce the effect of the echo pulse ripples on the target 
© tracking accuracy the resonance amplifier uses valve V6~3, type 6K3, with 
variable transconductance (Fige 161) due to which the gain is controlled 
automaticallys 
Voltage to the valve control grid is applied from potentiometer R6~6 
(Fige 1458)e The valve cathode is earthed through contacts of relay R6-26 
The screen grid is fed with a voltage of +105 V from stabilovolt V6é-5, 
type, 535s 
The D.C. component of the error voltage detector output taken off 
potentiometer R6-6 is negative bias on the grid of valve VE~3~6 
| @ By shifting the slider of potentiometer R6-6 the operating point on 
the characteristic of valve V6-3 is selected'so that while picking up | 
powerful echo signals the valve plate current that is measured by millianeter 
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Pp6“1 located on the front panel of the unit PLATE CURRENT will equal | 

& 6 - 7 mAs | 
During pick up of weaker signals the DeC. component of the detector 

output voltage decreases, which results in a decrease of a negative bias 

voltage on the grid of valve V6é~3, ise. in the operating point being 

shifted to the right, to the section of the characteristic with higher 


transconductancee As a result the gain of the AsC+ component of’ the error 


signal detector cutput increasesa 





@ Duz'ing pick up of more powerful signals the D.C. component of the 
detector output voltage increases which results in the operating point 
being shifted to the left to the section of the characteristic with lower 
transconductance. As a result the gain of the A.C. component of the 
error signal detector output decreases. 

@ Such an automatic gain control circuit smoothes quick oscillations ; 
of the error signal D.C. component which result from the ripple of the 
echo signalse 
Automatic gain control (acc) being employed, ‘the A.C. component of the 

& plate current of valve V6-3 in definite limits is independent of an average 
intensity of the echo signals, The given A.C. component is deteruined : 
only by relative percentage of amplitude modulation of these signals, 
which depends only upon the angular deviation of the antenna axis from the | 
target directions 

The plate circuit of valve V6-3 includes eranutcomee Tr6-2, The 
AeCe component of ens: gales plate ames creates (in the transformer) 
a variable magnetic flux, which induces an alternating electromotive | 
force in the secondary winding. 
@ The transformer secondary winding together with capacitors cé-8, 
C6-9 and resistor R6-7 constitutes a pesensat circuit tuned to a 


frequency of 24 Cepese The secondary winding separates a. gine~wave A.C. 


Peseteeheean tates ee SEORET eoo/voltage — 
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voltage of 24. CepseSe without the DeCo component with strongly reduced 
higher harmonics. This voltage corresponds in amplitude and phase to the 
fundamental harmonic of the error voltage detector outpute 

Resistor R6~7 serves to widen the circuit pass bande The centre 
tap of the transformer secondary winding is earthed. As ‘ result two 
negative voltages equal in frequency and amplitude but 480° out of phase 
with each other, are acting across the two ends. of the secondary windings 
These voltages are applied to the grids of the balanced amplifier valve 
V6—ly. 

Balenced Amplifier 

_ The balanced amplifier is designed for push-pull amplification of 
the error signal. It employs valve V6~1, (6n6s Js 

Voltages to the grids of the two amplifier triodes are taken from 
dual potentiometers R6~8 and R6~9e6 To check these voltages the front 


penel is provided with monitoring: jacks G6=2 and G6-3 marked COUPLING 


~ TRANSFORMER: The shaft common for the sliders of dual potentiometers 


R6“8 and R6-9 is brought out to the front panel of the unit and is marked 
AMPLIFICATION. 

Resistors R6-10 ard R6-11 placed in the grid circuits of the balanced 
amplifier valve serve for clipping the grid current developed at large 
eoeece amplitudes across the secondary winding of transformer Tr6-2» 

The cathode of the two triodes of valve v6. are inter-connected 
and are earthed through rheostat R6é~12 across which a voltage drop is | 
developed due to the common plate current. The voltage drop serves ye an 
automatic bias voltage. ©The value of this voltage is set by varying the 
resistance value cf rhecstat R6-12 whose slider sheft is brought out to 
the front panel of the unit and is marked 3 V (3B) To check this voltage 
jack G6-4. (3 V) is provided, | 

DeCe voltage to the triode plates of valve Vé-. is applied through 


common decoupling resistors R620 and R6=21, connected in parallel through 
eranre 
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‘load resistors R6~13 and R6-15 and through balanced ckanthencter R6~Ahey 
whose slotted shaft is brought out to the front panel of the unit and is 
marked BALANCE, | Potentiometer R6~14. compensates for asymmetry of both 
halves of the double triode. Through isolating capacitors .C6-6, C6=7 
two error voltages are fed in phase opposition to the contacts of relay 
Pi0-4 located in the aximuth and elevation tracking unit. 

Resistors R6-16 and R6-17 are grid leaks of the commutator stage 
valves of the azimuth and elevation tracking unit during automatic tracicinge 
' The connection point of these resistors is fed with a positive voltage of 
+75 V from a voltage divider formed by resistors R6-1, R6~2 and supplied 
with +300 V. 

The voltage of +75 V is used as a DCG. bias voltage on the grids of 
the commutator valves in the azimuth and elevation tracking unite To 
check this voltage jack G6-1 (75 V) is provided. 

The error voltage may be checked across jacks G6-6 and G6-7 located 
on the front panel of the automatic tracking unit and marked COMMUITATOR 
INPUT. 

Rectifier 

The automatic tracking unit incorporates a rectifier based on a full~ 
wave circuit employing kenotron Vo-1, type 5038. A voltage of 110 V, 

27 CepeSe is applied through contacts 15 and 16 of knife-type connector 
W641, fuses B6-1, B6-2 and switch W6-1, located on the front panel of the 
uit, to the primary winding of power transformer Tr6—-1- From the | 
transformer secondary winding a voltage of 6.3 V is applied to the 
filament circuits of the valves. in the automatic tracking and azimuth and 
elevation tracking units, The rectified voltage ripples are smoothed out 
by a filter consisting of choke D16~1 and capacitor G6-1. 

A voltage of +300 V is applied | to the plates of va-ves Vé~3, V6-. 


and steel teveet V6-5 through damping resistors R6-18 and R6-19. From 


CRPRET soe/the voltage 
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the voltage divider (resistors R6-1 and R6-2) the D.C. voltage of +75 V is 
fed to the centre ‘taps of transformers Tri0-1 and Tri0-51 located in the 
aZimth and elevation tracking unite 

A voltasze of +105 V is applied to the screen grid of valve Vé~3 from 
stabilovolit Vé-5, ge SG3Se 

A plate voltage of +300 V is fed to the azimuth and elevation tracking 
wit through switch 12-2 INTERLOCKING placed in the antenna control unite 
Capacitor C6-2 is connected in parallel with the switch contacts, which 
prevents them from burning when opening the circuit, 


Error Signal Cut-Off Rela: 





The error signal cut-off relay (P6~2) is used during automatic target 
tracking when the direction to the target peing tracked is crossed by 
another target flying in close proximity to the first ones 

In this case the input of the automatic tracking unit is fed with 
pulses reflected from both targets. This may lead to a false error signal 
and consequently missing the target. To avoid this it is necessary to 
press button ‘-5 ERROR SIGNAL, OFF located on the front panel of the range 
mechanism unite 

When the button is pressed the relay winding is fed with voltage and 
the relay operates and grids of valve V6-h. become earthed through the relay 
contacts. 4s a result the error voltage at the output of the automatic 
tracking unit becomes zero and the antenna due to inertia force goes on 
moving in the target direction for two or three seconds. During this time 
the interfering target moves off to a distance at which the pulses 
weisdvea from it do not affect the very narrow gate. ‘ihen the button 
is released the relay winding is de-energized, its contacts open, the error 
signal is epplied to the grids of valve V6~), and the antenna continues 
tracking the preselected target automatically. 

The front panel of the unit is provided with jack 66-9 (DETECTOR) © 


used when taking off gain-frequency characteristics of the system (this 
AP Rr rw 
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jack is not provided in stations of the first production model). | 
tenna Position Indicators 
The automatic tracking unit incorporates receiving selsyns M6-1 and: 
N6-2, type SS-I.0h, which serve to indicate the antenna positions 
The selsyn shafts carry scales, while pointers are marked on the 
fixed scale framings anand on the front panel of the unite 
The azimuth scale is calibrated into 60 divisions; the elevation 
scale is calibrated from -2-00 to 15-00. The division valve of both 
S scales is 0-50. 
The scales are illuminated by lamps Z6—7 and 26-8 fed by transformer 
Tr6=3, | 


The selsyns operate on 110 V, 50 cepese 


6. AZIMUTH AND ELEVATION TRACKING UNIT 


@ _ 3 


The azimuth and elevation tracking unit (Figs, 162 and 163) serves 
te convert error voltages into control voltages 
The unit sonsiats of two identical channels: an azimuth channel and 
S an elevation channel mounted on two separate chassis. As viewed from the 
front panel the Bence of the azimuth channel are located in the front 
section of the unit, while those of the elevation channel in the rear onéo 
The azimuth channel aogeiots are lecated on the front panel, to the right, 
and the elevation channel controls to the lefte 
All the elevation chamel components bear the same numbers as the 
azimuth chamel components plus fiftye For instance, the forming stage 
valve of the azimuth channel is indicated V10~3, and that of the elevation 
channel, V10-53~ 
& Two DeGe milliameters located on the front panel of the unit serve 
te check the plate currents of the DeCe amplifier valvese By means of 
selector switch W10-1 ELEVATIC! AZIMUTH these instruments are connected to 


CF AFT /the DeCeo 
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the D.C. amplifier circuit of the azimuth or elecation channel. With the 
gelector switch in the middle position both instruments are disconnectede 
A key diagram of the azimuth and elevation tracking unit is presented 


in Figs 164. (See Album). ° 





Each channel of the gnae is composed of a forming stage, a commutator 
stage, a DeCe amplifier, a drive motor torque limiting stage, an antenna 
anti-hunt circuit and a feedback clipping stagee 

Channels of the unit operate similarly, so we will consider the 

@ operation of the azimuth channel onlys 
Forming Stag2 

The pornihe stage is used for squaring the reference sine-wave 

voltage. The circuit of the forming and commutator stages is presented in 


Fig. 165. The azimth channel forming stage employs valve Vi0~3, type 
® 6N8Se 


relay P10-2 is ds-energized and the voltages, equal in magnitude but 


During manval control or circular and sector scanning the winding of 





opposite in phase are applied through the normally closed contacts of the 
& relay to the grids of the forming stage valve from the secondary winding of 

transformer Tri2-3 situated in the antenna control unite The centre tap 
of the secondary winding cf transformer Tri12~3 is earthed. The voltage 
across the winding ends equals 200 Ve The transformer primary winding is 
fed wee 110 V, 50 copeSe 

During automatic target tracking the winding of relay Fi0-2 is fed 
with 110 V, 50 copes.~ the relay contacts change its position and close the 
circuits supplying the grids of valve V10-3 with two voltages equal in 
magnitude but opposite in phase, that are taken off the secondary winding 

© of transformer f'r13~1 located on the control panel. 
The primary winding of transformer Tr13-1 is fed from a stator 


winding of the reference voltage generator. 


SECRET a eoo/The centre tap 
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The centre co of the transformer winding is earthed. The value of 

© the voltage across the secondary winding ends is 200 V, 2h GepeSe 

Thus ; in any ihode of operation two grids of valve V10=3 are fed with 
antiphase sine-wave voltages, having large amplitudes. During the half- 
cycle, when grid Cy of valve Vi0~-3 is fed with great negative voltage, 
tricde Ais cut off. Grid Cy of triode B during this half-cycle is fed 
with great positive voltage, but due to grid currents all positive voltage 
4s damped across resistor R10-31 (1 megohm). During the entire positive 

@ cycle the grid potential relative to the cathode is approximately zeroe 

The plates of the triodes of valve V10-3 are fed with +300 V through 
its load resistors R10-27, R10-28, R10-29 and R10~30. These resistors 
are plate load resistors common both for valve V10-3 and the commutator 
stage valveso 

@ During those half-cycles of the reference voitage when one of the 
triodes of valve V10-3 is cut off its plate voltage rises to + 50 V 
relative to earth (the rest of the voltage is dropped across the plate 
load resistors since they handle plate currents of the commutator valves). 

& As the same ane the Second triode of valve Vi0~3 is on and as a 
result of the plate current flowing through the plate load resistors its 
place voltage descreases to about +90 V relative to earth. 

Thus » +wo~s quare-wave voltages are developed on the plates of the 
forming stage valve Vi03. The cycle of this voltage equals that of the 
reference voltage, These two ‘voltages are duended to the plates of the 
forming stage valves Vi0—1 and Vi0~2. | 

Comnutator Stag e 

As described above, the amplitude and phase of the error voltage 

& (relative to the reference voltages) depend upon the magnitude and 
direction of the antenna electrical axis deviation from the target directions 


This error voltage contains two components, one of which is caused 


erpary aoe/by the 
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by the target deviation in elevation only» 
@ If the antenna electrical axis deviates by some angle from the 
target direction the error voltage may be expressed as follcws: 
Usk sin (2UFt + ¥g )= 
k& sin¥g ons 27 FE+k & cos ¥o sin 27 Ft, 
where F - antenna head rotation frequency equal to 24 copese$s 
¥g ~ phase shift angle between error voltage and azimuth reference 
voltage; 
® ~ proportionality coefficients 
Fige 6 shows that 
A, = 5 sin? g 3 Ag = & cos ¥o3 
then U=U¢ cos 2 T7Ft + Us ein 27 Ft 
where U=k Ag » Ug =k Ags 
Consequently, the sine~wave error voltage may be presented as a sum 

of two sine-wave voltages that are 90° out ef phase with each other, one 
yoltage having en amplitude proportional to the angular deviation of the 
antenna electrical axis from the target in a horizontal direction (U 8 ) > 
@ the other to the deviation of the antenna electrical axis from the target 

in a vertical direction (U Bg )» 

The error signal is separated into two components in the commutator 
stage with the help of reference voltages. 

The azimuth Gommitatox stage produces D.C. output voltage (azimuth 
control voltage) of which the magnitude is proportionate to the amplitude 
of the error voltage azimuth component, iee. to the magnitude of angular 
deviation A Be 

The polarity of the azimuth sontrol voltage depends upon whether the 

@ soit component of the error signal is in or out of phase with the 
azimuth reference voltage, which in turn depends upon the sign of angular 
deviation A Be 

The elevation commutator stage produces output elevation control 


APAr 
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voltage which is determined similarly by the magnitude and sign of angular 
& deviation A ». 
€ 


The azimuth commutator stage employs valve Vi0-1 and V10-2 (Fig. 465), 





type 6N&S. 
| During automatic target tracking the winding of relay Pi0-1 is fed 
with 110 V, 50 GepeSe through selector switch Wi2-1 MODE OF OPERATION, 
located in the antenna control unite In this case the relay contacts 
close the circuits supplying the grids of the commutator valves of both 
® stages with the common error voltage coming from the output of the automatic 
tracking unite 
During manual control and circular or sector scanning the winding of 
relay PiO-t ‘is de-energized> In this case error voltage from the rotor 
winding of azimuth selsyn transformer M32-) is impressed on the commutator 
® valve grids of azimuth channel through step-up transformer Tri 0-1 and 
contacts of relay Pi0-ie Error voltage is also applied from the rotor 
winding of elevation selsyn-transformer M32-5), to the grids of the | 
elevation channel commutator valves through contacts of relay Pi0-2, step~ 
| 
@ up transformer Tri0-51 (Fig. 164) and contacts of relay Pi0-16 
As seen from Fig. 165 the plates of the first and third triodes of 
the commutator Stage (A, and A, ) are connected with plate A, of forming 
valve Vi0w3. The plates of the second and fourth triodes (A, and Ay) are 
coupled with plate A, of valve Vi0~3e | : 
Let us take a look at the commutator stage operation in the absence 
of error voltages 
Each triode of the commutator valves has such characteristics that 


with the piate voltage of +1 50 V (relative to earth) and grid voltage of 





@ #75 V (relative to earth) the triode conducts and handles the current 
which develops a voltage drop of +76 V across the valve cathode load 
resistor (R10-5 or R10-6 equal to 20 ci lohms) « 

Consequently, in this case the triode eperates at plate voltage 


— 7 ) CLPDET 
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Ua = 74 V and grid voltage Ug = -1 V. 

@ If the triode plate is under +90 V relative to earth and the grid 
potential is approximately equal to the cathode potential the triode is 
practically cut off in consequence of too low magnitude of the plate voltage 
(Ua = 14 V). ° 

From this it follows that during the first half-cycle of the 
reference voltage, when the voltage on plate Ag of valve V10-3 is +150 V 

| and on plate A, of the same valve is +90 V, triodes 1 and 3 . the 
© commitator stage are on, while triodes 2 and 4 are cut off. 

During the next half-cycle of the reference voltage when the voltage 
on plate Ap of valve V10-3 is #90 V and on plate A, of the same valve is 
+1 50 V, triodes 2 and 4 are on, whereas triodes 1 and 3 are cut off. 

Consequently, during any half-cycles of the reference voltage (in 

@ the absence of the error voltage) one triode of vaive Vi0-1 and one triode 
of valve V10-2.are conducting and plate currents of these triode 
equal voltage drops (76 Vv) across cathode resistors R10-5 and R10-6 
(Fig. 166). 
@ Let us consider the operation of the commutator stage with the error 
voltage applied in phase with the reference voltage (Figs 167, a)e 

As seen from Fig. 167, a, during the first half-cycle of the 
reference voltage triodes 4 and 3 are conducting since the voltage on its | 
ial is +150 V relative to earth. | 

The plate currents of triodes . 4 and 3 create voltage drops of 
approximately 70 - 80 V across the cathode load resistors. 

At this time the plates of triodes 2 and 4 are under 490 V relative 
to earth, consequently the plate voltages of these triodes are no more 

@ than 40 te 20 V and therefore the’ plate current in triodes 2 and 4 are 
practically equal to Zerde 


The values of the plate currents ‘in triodes 1 and 3 and, consequently, 


CEORET eee/the cathode 





_ Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 








Declassified in Part - Sanitized Copy Approved for Fue! 2013/09/19 : CIA-RDP80T00246A031400010001-1 


7 237 - 


the cathode voltages of these ‘valves are determined during the first 
® half-cycle of the reference voltage by the values of the voltages on grids 


9 


5, and S, 

Grid S, is at this time under a positive half-cycle of the error. 
voltage, whereas grid Sz under a negative half-cycle. As a result the 
cathode voltage of valve V10-1 is increased, while that of valve V10-2 
decreased as compared with their meentbodes in the absence of error signal. 

During the next half-cycle of the reference voltage the plate ithe 

& of all the four triodes change, which results in triodes 2 and . being : 
triggered and triodes 1 and 3 cut off. At this time the magnitudes of the 
valve plate currents and conse quently voltages on the valve cathodes are 
determined by the voltages on grids S, and 5, Since grid 5S, is fed with. 
a positive half-cycle of the error signal and grid Sy with a negative 

@ half~cycle the voltage on the cathode of valve Vi0-1 will be increased, as 
is “he case during the first half-cycle of the reference voltage, whereas 
that on the cathode of valve V10-2 decreased as compared with their 
magnitudes in the absence of the error voltage. 

oo | Thus, the average magnitude or D.C. component of the voltage on the | 
cathode of valve Vi0-1 is found to be higher than +76 V, while that on the 
cathode of valve V10-2 lower than #76 Ve 7 

The potential difference between the cathodes of valves V10-1 and 
V10~-2 is called control voltage. . 

_If the error signal phase is reversed by 480° the conditions of 
valves ba and V1 0~2 are reversed too and the voltage en the cathode of 
valve VA0-4 is found to be lower than +76 V; while that on the cathode of 
valve V10—-2 higher than +76 Ve 

© . Consequently, a reversal of the error voltage phase by 180° causes a 
change of the control voltage bolas: 

The control se itane is applied through the filter to the grids of 
valves Vi0~h. and Vi0-5 of the D.C. ie aaa At the filter output, i.é- 
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between grids of valves V1i0-4 and Vi0-5 the mean potential difference of 
@ magnitudes between the cathodes cf valves Vi0-1 and Vi0~-2 is obtained. 

The operation of the commtator stage with phase shift of 90° (or 270°) 
between the error and the reference voltages is illustrated by a chart 
presented in Fig. 4675 Ds 

In accordance with the changes in the plate voltages during the first 
eapecopeie of the reference voltage, triodes 1 and 3 remain on and during 
the second one, triodes 2 and h. 

@ At the beginning of the first half-cycle the cathede eo LEaxe of valve 
Vi0-1, accor@ing to the chart of voltages on grid S,, is higher than 76V : 
while at the end of it lower than +76 V by the same values 

At the beginning of the first half~cycle the cathode voltage of 
valve Vi0~2, according to the chart of voltages on grid Sz» is found lower 

@ than +76 V, whereas at the end of it higher than +76 Ve 

During the second half-cycle cf the fePerencs voltage the grid 
voltages of Higies 2 and 4. change in the same ae as those of triodes 1 
and 3 during the first half-cycle. Therefore, the charts of voltages on 

@ the cathodes of valves Vi0-1 and Vi0~2 during the second half-cysole will 
be the same as Curing the ‘first half~-cycle. 
| 4 is seen from Figs 167, b, that the chart of eoitnaes on the 
cathcdes of valves V10-1 and Vi0-2 are symmetrical relative to the initial 
level of +76 V and the mean value of the valve cathode potentials remains 


the same as it wes in the absence of the error signal. 





Consequently, when the errer voltage is 90° (or 270°) out of phase 
with the reference voltage the commutator stage control voltage equals 
Zeros 


@ From this it follicws that if the azimuth commutator is fed with an 






error voltage caused by the target deviation in azimuth (azimuth error 
signal) it is found to be in phase (or out of phase) with the azimuth 
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reference yoltage and an aaah control voltage appears at the commutator 
@ output 
The same error voltage applied to the input of the elevation 
commutator does not create a control voltage at its output, since the 
elevation reference voltage is shifted in phase by 90° with respect to the 
azimuth reference voltage and, consequently, the phase shift between the 
azimuth error voltage and the reference voltage in the elevation commutator 
equals 90°, | 
@ We have already considered the process of @onyversien of the error 
voltage into the control voltage when the phase shift between the error and, 
reference voltages is 0° or 90°. These cases correspond to the target | 
devievieh from the antenna electrical axis in azimuth or elevation only. 
During simultaneous deviation of the target from the antenna 
e sidotrioal axis both in azimuth and elevation the phase shift between the 
error and the reference eoreuieee has seme intermediate valuése 
The voltage wave forms for a 30° and 60° phase shift are presented in 
Fige 168, a and do 2 
& When the phase shifts from 0° to 30° the cathode potential of valve 
V10-1 changes depending upon the potential of grids S. and Si 
With the phase equal to 30° the plate voitage changes distanteveousiy 
and valve V10~-1 comes to be controlled by grids 8, and Sze When the phase 
is reversed from 30° to 210° cathode potential changes depending upon the 
| potential of grid Sys With the phase equal to 240° the plate voltage 
changes again depending upon the potential of grids Sp and S, until the 


he. 
cycle ends. 
The mean value of the cathode potential of valve V10-1 exceeds the 


@ value of the cathode potential in the absence of the error voltage by 


appropriately smaller value than in the case of the phase coincidence. 







The form of voltage changes when phase is shifted by 60° differs from | 


SEpREy -vae/the one 
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the one considered above in that the voltage jumps occur at 60° and 240°. 

eo The Seateel voltage, ice. the potential difference Sotwcen the cathodes of 
valves V10-1 and V10-2 is smaller in this case than at the 30° phase shift. 

Thus, when analysing the operation of the commutator stages the error 


\ 


voltage should be considered as a sum of its two sine components, of which 
one, i.€. an azimuth component, is in phase with the azimuth reference 
voltage and the other, ise» an ieee oa oaionent » is in phase with the 
elevation reference voltages 

& Frem this it follows that the azimuth commutator produces a control 
voltage depending only upon the azimuth component of the error signal, 
ee the elevation commutator a control voltage depending only upon the 
elevation component of the error signale 

During manual control the grids of both forming valves are fed with 

e the common reference voltage. The grids of the azimuth commutator valves 
are fed with the error voltage from the rotor winding of the saan selsyn- 
transformer, while the grids of the elevation commutator valves, from the : 
rotor winding of the elevation selsyn-transformers 

oy) The forming and commutater stages operate similarly both during 
manual control and automatic target tracking, 

The voltage produced in the rotor winding of the adie eteanatormer 
can reverse ite phase only by 480®, Therefore, the error voltage in the 
commutator stage may be either in phase or out of phase with the reference 
voltage. Consequently, the magnitude of the control voltage during manual 
behest depends only upon the amplitude of the error voltage, while during 
automatic target tracking the magnitude of the control voltage deperds 
upon the amplitude of the error voltage and the phase shift between the 

& error and the reference voltages. | | 

The control voltage from resistors R10-5 and R1 2-6 is applied to the 

control grids of the D.C. amplifier valves through the filter (Figs 169). 
The filter is designed for smoothing out the ripples of the cathode 
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@ voltages of valves Vi0-1 and V10-2. The filter produces a mean value of | 
control voltage. It passes slow fluctuations of the control voltage which 
are caused by changes in deflection of the antenna axis from the target 
directions More rapid fluctuations of the control voltage caused by 
occasional ripples of the echo signal intensity are weakened by the filter. 


D.C. Amplifier 
The amplifier.is based on a balanced circuit employing valves V10~k. 


and Vi0-5, type 5P3S (Fig. 169). The amplifier valve control grids are fed 
& with the output voltage of the commutator through a filter formed by | 
capacitors C10-1, C10—2, chokes D110-1, D110-2 and resistors R10~20, R10-246 
The DC. amplifier feeds the amplidyne control windings» In the . 
absence of the control voltage the plate current of valve V10—-4 equals that 
of valve V10-5. In this case the magnetic flux of the control winding | 
@ connected into the plate circuit of valve Vi0-., is equal in magnitude and 
opposite in direction to that of the control winding connected into the 
plate circuit of valve V10-5. | 
Magnetic fluxes of the control windings are mutually compensated and 
@ the total control magnetic flux equals eae In this case the voltage at 
the amplidyne output also equals zero. 
Millienmeters Ppi0-1 and Ppi0-2 situated on the front panel of the 
unit serve to measure the plate currents of the D.C. amplifier valves of the 
azimuth or elevation channel. | 


The plate currents are determined by measuring a voltage drop across 










resistors R10~25, R10-26 for the azimuth channel and across Ri0-/5, R10-76 
(Fig. 164) for the elevation ee 
Potentiometers R10-8 and R10~-58 (whose shasts are brought out to the 
@ front panel of the unit and designated FIELD CURRENT) serve for adjusting 
the plate currents of the DC. amplifier valves. In the absence of the control 
voltage the plate current of each amplifier valve should be Saal to 25 mA. 


During manual control or automatic target tracking a. control voltage. 
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The control voltage causes the plate current cf one of the valves to. 
inerease, the magnetic flux of the control winding connected into the plate 
circuit of this valve to rise3; the plate current of the second valve to 
decrease, thus bringing about a decrease of the magnetic flux of the control 
winding connected into its plate circuit. <A resultant magnetic flux 
appears and a voltage is developed at the amplidyne outpute The reversal 
of the error voltage phase causes the reversal of the control voltage 
polarity>s | 
| @ Connected in sueaiiek with the azimuth amplidyne windings are resistors 

R10-4.0 and R10--i used to select the reqaired amplification of the azimuth . 
channels The resistance value is selected (within 3 to 8e2 kilohms) when 
tuning the antenna control unit in gain-fre quency characteristics. 
| The D.C. amplifier is acted on by two separate feedback voltages: a ' 
| & feedback voltage to limit the drive motor torque (acts on the control grids 
ef the D.C. ampiifier valves) and a feedback voltage to eliminate the 
antenna hunting (acts on the acreen grids of the D.C. amplifier valves). 
Torque Limiting Circuit | 
@ During sharp turns of the manual control handwheel or hunting ef the 
antenna in automatic target tracking the error voltage at the input of the 
eave and elevation tracking unit sharply rises. This causes an increase 
of the control voltage, the amplidyne output voltage and the current Plowing. 
through the drive motor armature. | | 
To cancel out this undersirable effect which may result in overloads 
and failure of the motor and reduction gear use is made of a torque . 
limiting circuit (Figs 170). 
The circuit cperation depends upon the fact that the rise of the 
®@ motor drive armature current above the rated value triggers the torque 
limiting valve and reduces the magnetic excitation flux of the amplidynese 
The cathode voltage of valve V10~9 (6N9S) equal to +34 Vis set by — 


Crepe ove/potentiometer 
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potentiometer R10-33, whose slider shaft is brought out to the front panel 
& ef the unit and designated TORQUE LIMITING. The triode grids are connected 
to resistors R321 and R32~2 placed in the circuit of the drive motor 
armature, The mid~point of the resistors is under a +30 V potential. 
Thus, in the absence of current in the motor armature and resistors 
—R32-4 and R32~-2 connected in series with it, the grids of valve V10~-9 are 
also under the same potential (+30 V)« The plates of valve Vi0~-9 are 
coupled to the control grids of the D.C. amplifier the potential of which is 
& approximately equal to +76 Ve 
With such voltages on the electrodes both tricdes of the torque 
Limiting valve are cut off. When applying a great control voltage to the 
D.C. amplifier valve grids the motor armature will handle a heavy current. 
Suppose the direction of current through the armature will cause the 
@ potential on the upper end of resistor R32-2 to become positive relative to. 
the mid-point. In ee case the voltage on the grid of triede IT of valve 
vi0-9 wil rise and when it has attained a definite value, the valve will 
conduct, decreasing the control voltage on the grid of D.C. amplifier valve 
@ V10-5. i 
The decrease of the grid current will bring about a reduction of the. 
valve plate durrent end a decrease of the amplidyne field current. The 
field current decrease: causes a decrease of the motor armature current. 
Since valve Vi0~-9 has a large amplification factor the limitation is 
performed quickly and the current flowing through the armature does not 
exceed the permissible value» 
A reversal of the control voltage polarity will cause the current 
to flow in opposite direction through the armature and triode I of valve 
© Vi0-9 will function es a limiter. At normal operation the motor armature 


handles a current smaller than permissible and both triodes of valve V10-9 






are cut off. 


The magnitude of the maximum torque is set by potentiometer R10-33 
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(marked TORQUE LIMITING). when raising the cathode potential of valve 
e@ V10-9 with the help of potentiometer R10-33 the permissible torque increases 
due to an increase of the permissible current flow through the motor | 
armatures When reducing the cathode potential of valve V10-9 the 
permissible torque decreasese 
Antihuns Circuit 
Owing to the system inertia the antemma cannct stop at once and 
overshoots the position at waion the ec signal equals Bees This 
© results in appearanee of the error signal of opposite phase, the antenna 
starts moving in the cpposite direction and overshoots the above position 
agein, etce 
Thus, in the system may occur periodic hunting of the antenna about 
the required position to eliminate which an antihunt circuit is provided 
@ (Figs 174). | 
This circuit uses a feedback yoltage applied from the drive motor 
amature circuit to the D.C. amplifier screen gridse It may be considered 
-that the antihunt circuit produces a feedback voltage, whose polarity and 
& magnitude ef instantaneous values charueberts the direction end magnitude 
of instantaneous vedce of the antenna hunting speed near the error signal - 
zero position. The circuit respends only to the speed variations, and 
produces no voltage if the antenna turns at a constant speeds Csnse quently, 
the circuit exerts no influence on the drive system. 
The feedback voltage is aapitea to the screen grids of the D.C. 
amplifier valves (V10-4. and vi0~5) in polarity which ensures the iatemia 
hunting retardatione 


While the ervor signal voltage causes the antenna to move tewards the 


@ error signal zero position, the feedback voltage reduces the difference of 
the amplifier valve plate currents and, consequently, the amplidyne eutput 


voltages This results in the antenna approaching the errer signal zero 


' 
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position at a lower speed. 
@ When the antenna, after passing the error voltage zere position, turns 


further, moving away from this position, the feed>ack voltage, preserving 
the former polarity, increases the difference between the amplifier plate 
currents which is created by the error voltage that shifted its phase by 
480°. Consequently, at this time the feedback voltage adds to the action 
of the error signal thereby ensuring more rapid retardation and stopping of 
the entenna. | 
@ Thus » the feedback voltage, both when the antenna approaches the error 
signal zero position and moves away from it, causes retardation of the 
antenna hunting. As a result the antenna after making two or three 
oscillations stops in a position corresponding to the error signal zero 
positions 
@ To obtain feedback voltage use is made of electromotive force induced 
in the drive motor armature. The magnitude and polarity of the 
electromotive force for any D.C. machine with separate excitation, are 
determined by the speed and direction of the motor matin rotation, ise. 
& by the speed and direction of rotation of the antennae 
In order to make the feedback voltage be determined oniy by the 
electromotive force induced in the drive motor armature and be independent 
of the amplidyne output voltage use is made of a bridge connection whose 
four arms are: (1) resistor R10~3h, (2) resistor R10-22, (3) the drive 
motor armature resistance and resistor R32-1, (4) the amplidyne comnutating 
winding resistance and resistor R32-26 } 
| The amplidyne output voltage is applied to one bridge diagonal while 
the feedback voltage is taken off the other. If the bridge is balanced, 
} the voltage taken off the second diagonal does not depend upon the amplidyne 
voltage, but is proportionate only to the electromotive force induced in 
the drive motor armatures 


However, the bridge is not balanced precisely and the feedback 


— ! eronrr / 
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circuit is fed with a voltage proportionate to the motor current, i.e. to 
® acceleration. This makes the tracking system more stable at high 
frequenciése | 
The voltage taken off the second bridge diagonal is applied to a 
pebabaate filter formed by capacitors 010-., C10-5, C10-6, choke D110-3, 
resistor R10+23 and potentiometer R10-2h. 
The filter passes only A.C. cemponents of the feedback voltage with 
frequencies higher than 1 oep.se Therefore, during uniform rotation of the 
@ antenna or diedne slew variations of its speed determined by the change of . 
angular co-ordinates of the target being tracked the feedback voltage 
taken off potentiometer R10-2), equals ZeLrOs In addition the feedback 
filter changes the amplitude and phase of the A.C. feedback voltage, thereby 
improving conditions for reducting she antenna hunting when tracking a | 
@ moving targeto 
The A.C. feedback voltage produced at the filter output during the 
antenna hunting is applied frem potentiometer R10-24 to the control grids 
of triodes 1 and 3 of the feedback amplifier valves V10~6 and V10-7, type 
&@ 6N85. Voltage to the plates of the feedback amplifier valves and screen. 
grids of the D.C. amplifier valves are applied through common load resistors 
R10-10, R10-35, RIO-11, R1i0-36, | 
. As both halves of the feedback amplifier are coupled through cathode 
| resistors R10-i9 and R10-37 voltages of opposite sign are developed on the 
plates of vaives Vi 0-6 and V10-7 | and, consequently, on the screen grids of 
) valves V10- and Vi0-5~ 
In the presence of the feedback voltage the plate current of one D.C. 
amplifier valve increases while that of the other decreases or vice versae 


& Potentiometer Ri0-12 permits variation (in certain limits) of the 







constant grid potentials of triodés 2 and 4. of valves V10-6 and Vi0-7 whose 
magnitude mist be approximately equal to +30 Ve This makes it possible 
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to initially balance the plate currents of the D.C. amplifier valvese 


The shaft of potentiometer R10~12 is brought out to the front panel 


and is marked BALAICE. 





The feedback magnitude is adjusted by means of potentiometer R10-2h 
whose shaft fitted with a knob is brought out to the front panel and is 
marked FEEDBACKs 


Feedback Limiting Circuit 





During sharp variations ofthe error signal amplitude which may occur 
when changing over from manual. control to automatic tracking, the feedback 
voltage may exceed the error signal, which will result in the target being 
misseds To diminish the feedback effect the unit is provided with a 
feedback limiting circuit employing valve V10-8, type 6H8S « | 

in the absence of the feedback voltage the grid potential of valves 
v20-6 and V10~7 is usually equal to #30 Ve Valve V10-8 is so connected 
that the plate potential of diode II and cathode potential of diode I is 
#30 V respectively. The plate potential of diode I of valve V10-8 equals 
#22 V, and cathode potential of diode II of the same valve is +38 Ve 

If the feedback voltage is positive and exceeds 8 V the potential on 
the grids of the first and third triodes of the feedback amplifiers will be 
in excess of +38 V. The plate potential of diaode IT will be greater than 
the cathode potential; the diode will conduct and the surplus feedback 
voltage will be damped across resistor R10-186 

If the feedback voltage is negative and exceeds 8 V, the potential on 
the grids of the first and third tricdes of the feedback amplifier and en 
the cathode of disée I will be lower than 22 V3; the diode will conduct and 
the surplus feedback voltage will be damped across resistor R10-18. 

The voltages at which the diode is conducting can be adjusted by dual 
potentiometer R10-14., R10-15, whose shaft is brought out to the front 


panel of the unit and is marked FEEDBACK LIMITING. 
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7e ANTENNA CONTROL UNIT 


The antenma control unit (Figs. 172 and 173) serves to control the 
antenna sseviee both during adneaade or sector scanning and manual control. 
The unit incorporates the following components: azimuth transmitting 
selsyn M12-1 (Fige 174) » elevation Chananiebing wetign Mi2-51, circular 
scan motor M12-2, azimuth follow-up motor M12-3, elevation follow-up motor 
© M12-52, transformers Tri2—1 and Tr12-51 reducing the voltage from 10 to 
2.5 V, transformers Tr12-2 and Tr12-52 reducing the ethene from 110 to 
21 V, reference voltage transformer Tr12-3, electromagnetic brakes E12-1 and 
H1i2-51, capacitors C12-1, 012-52 and C12-51. 
The front panel of the unit (Fig. 172) carries: on the right - azimuth 
control handwheel 5, on the left ~ elevation control handwheel 2, knob 1 
of function switch (12-1) MODE OF OPERATICN, knob 6 of switch SCAN . 
SELECTION, switch 7 INTERLOCKING (W12-2), handle 4 of selector switch 
ELEVATION COVERAGE and selector switch 3 AeA. DIRECTOR MONITORING ~ 
@ OPERATION (12-3). 
A kinematic diagram of the antenna control unit is presented in 
Fig. 175 (See Album). 
Rotation is imparted from the azimuth handwheel to the stator of the 
azimuth transmitting selsyn 112-1 through a gear tonuewaten eonstetind 
of two pairs of spur gears (27:108 and 48:96) and a cone differential. The 


total gear ration from the azimuth handwheel to the stator of transmitting 


selsyn M12~1 is 44 
~ 3416 
; The construction of the transmitting selsyns makes possible 


independent rotation of their stators and rotors. 


Rotation is imparted from the elevation handwheel to the stator of 





elevation transmitting selsyn M12-51 through a gear transmission consisting 


of three pairs of spur gears (28:70, 36:108 and 90:60) and a cone @Fammnw 
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differential, The total gear ratio from the elevation handwheel to the 
@ stator of transmitting selsyn M12-51 is 
te cls 
10 
During manual control the rotors of transmitting seized M12-1 and 
M12=51 are retarded by de-energized electromagnetic brakes E121 and BI 2-516 
Rotation cannot be imparted to circular scan motor li12-2 since the 
motor monk reduction gear with ratio i= = is of the self braking type. 
Therefore the differential imparts rotation from the handwheel to the : 
@ transmitting selsyn stator onlye 
The handwheel shafts carry adjustable electromagnetic brakes E12~% and 


E12~-51 which prevent rotation of the handwheels when the unit operates in 


other modes. 





To make the handwheel rotation more smooth use is made of inertia 
@ flywheels coupled to the control handwheels through gears z = 120 and 
z= h0O. 
During circular scanning the stators of transmitting selsyns Mi2-1 
and M12~51 are driven by circular scan motor M12—2. The circular scan 
oy) motor is a two-phase A.Ca induction motor, type 2 ASi-4.00. The motor is 
supplied with 110 V, 50 cepes. through contacts of selector switch W12-1 
(MODE OF OPERATION) 90° phase shift is created by capacitor 012=52 (Fige174)- 
The stator of azimuth transmitting selsyn M12~1 is driven by motor 
M12-2 through the worm reduction gear, two pairs of spur gears and the 
Bee differential. The total gear ratio from the circular scan motor to 


the stator of transmitting selsyn Mi2-1 is 


i # geek 
5 5268 


During circular scanning the antenna rotates in azimuth at a speed of 
@ 40 to 13 rapeme and simultaneously swinging in elevation. 


The stator of the elevation transmitting selsyn M12-51 is driven by 
4 


14 


SEPOET oee/pairs of 
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pairs of spur gears 2 = 50, % = 100, 205, % 2100, 42> 351,25 93, a 


@ cam gear, pair of spur gears 2 = 80 and 2 = 603 a cone differential with | 





gear ratio i= » pair of spur gears 2 = 90 and z = 60. 


4 
2 
The cam gear consisting of a cam, a lever, a sector and a spur gear 
causes the stator of the elevation transmitting selsyn to oscillate. The 
elevation cam profile is designed so that for eight ninths of its revolution 


the antenna is lifted by an angle of about 2-00 and for one ninth of the cam 


| e@ revolution is lowered down to the initial position. 


The elevation scan can be turned on or off by means of selector 












switch ELEVATION COVERAGE. 
During sector scanning the stators of the transmitting selsyns are 
driven similarly as during circular scanning, i.e. by circular scan motor | 
M1i2—2. 
& The total gear ratio from the circular scan motor to the stator of 


transmitting selsyn Mi2-1 is 
aes 
4592 - 


i: 
& ‘The cam gear of the azimuth sector drive consists of a cam, a lever, 
a sector and.a spur gear. The cam profile is designed so that during the 
complete revolution of the cam the azimuth transmitting selsyn stator 
acdaaates within a sector of 4-00 to 9-00 at a speed of 30 complete 
oscillations per minute. 
a The sector scan is switched on by placing handle SCAN SELECTION to 
position SECTOR. In this case the worm reduction gear shaft is 
disengaged from the differential and the azimuth sector drive circuit is 
energized. Simultaneously the elevation cam rotation sector is switched 
e@ over and the antenna oscillates in elevation within about 2-00, the antenna 
being lifted for four complete. oscillation in azimuth and lowered down for 
one complete (fifth) oscillation. 
During automatic target tracking voltage from the rotors of selsyn- 


— Chparse rans 
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transformers M32—4. and M32-54, (Fig. 176, see Album), located in the antenna 
. ® pedestal, is applied through the contacts of relays Pi0-1, Pi0-2, located 
in the azimuth and elevation tracking unit, to follow-up motors M12-3 and 
‘Mi2-52, connected to the rotors of the rasan Gene selsyns through spur 
gearse In this case the electromagnetic brakes release the rotors of the 
transmitting selsynse 
The antenna and the selsyn-transformer rotors coupled to it are driven 
& automatically in accordance with the target movement. 
if the rotors of the transmitting selsyns remain in the same pouatien 
they have obtained when changing over from manual control to automatic | 
tracking, and the antenna during automatic tracking is turned through a 
certain angle, then, when coming back to manual control again, a strong 
error signal will be developed in the selsyn-transformers, which will cause 
@ a sharp turning of the antenna. 
To eliminate sharp jerks of the antenna when changing over from oné | 
‘mode of operation to another follow-up motors M12-3 and M12-52 set the rotors 
of transmitting selsyns M12-1 and M12-5% (during automatic tracking) to 
S such a position at which the error signal of the selsyn-transformer 
appreaches zero» 

To rotate the follow-up motors (type ASN-50) two magnetic fluxes are 
required shifted in space and in phase by 90° with respect to each others 
One flux is created by a winding fed with 20 V from step-down transformer 
M2-2 (or Tri 2-52) connecsed into 141GV, 50 copese circuit, The other 
flux is created by. a winding fed from the selsyn-transformer through 
matching transformer Tr12-1 (Tr1 2-51). <A phase shift by 90° is obtained 
by means of capacitors 012-1 and 012-51 placed respectively into the 
supply ciscuits of the azimuth and elevation follow-up motors. 

The follow-up motor will rotate until the transmitting selsyn rotor 


is set in a position at which the voltage across the selsyn-transformer 


SEPRET .../rotor 
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rotor approaches zeros . 

@ ‘During manual control the rotors of the transmitting selsyns are held 
in place by electromagnetic brakes E121 and £12~51 whose eons are de- 
energized in this case. 

. When setting the MODE OF OPERATION SSLECTION switch in position 
AUTOMATIC, relays P10-1 and Pi0-2 located in the azimuth and elevation 
tracking unit operate, and their contacts make the path for the error voltage 
to the input of the commutator stages of both channels of the azimath and 

@ elevation tracking unit from the automatic tracking unit; voltages from 
the rotors of selsyn-transformers M32-). and M32~54. are applied to follosup 
| motors 4 2-3 and M12—52 of the antenna control unit; reference voltages of 
2h CeDeSe are fed by the weavenee voltage generator to the azimuth forming 
stage from transformer Tri13~1 end to the elevation forming stage from 7 
® transformer Trl 3-20 Both transformers are located on the control panel. 
Then electromagnetic brakes E42-1 and E4 2-54 operate, attracting their 
armatures and releasing the gearing from the follow-up motors and coupling . 
them to ihe rotor of the transmitting selsyns. Furthermore, field current 
e is applied and re circuits of tachogenerators N32-6 and M32~56 
located in the antenna pedestal are energized ; relay P1-1 switches on the 
receiver AeGeCe 
When selector settel W12-1 is set in position MANUAL or SCAN relays 
Fi0-1 and Pi0-2 are de-energized. Their contacts conduct error signals 
Pesin the selsyn-transformers to the commutator stages of the azimuth and 
elevation tracking unit. Rebs senins vareanee are applied through the 
other contacts of these relays to the forming valves of both chamels from 


transformer Tr12-3; the coils of the electromagnetic brakes are de- 





} energized, the tachogenerators and the receiver AcG.C. circuit are switched 
. off. 
The antenna control unit incorporates switch A.A. DIRECTOR MONITORING - 
++ e/OPERATION 


CECOET 
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OPERATION (W12-3) breaking the supply circuit of relays P10-1 and P10-2 when 


& it is set in-the A.A. DIRECTOR MONITORING positions In this case field 





voltage is applied to tachogenerator M32-6 and M32-56 irrespective of the 





















position of selector switch Wi2-1. . The tachogenerators feed voltages 
proportional to the antenna rotation to monitor the AeAe fire director 
operations 

When the station operates in combat conditions selector switch W12-3 


should always be kept in the OPERATION position. 
8. ANTENNA PEDESTAL 


The antenna pedestal (Figs 477) is designed to Bc commodat? the azimuth 
and elevation rotors as well as the selsyn drives and shdmith and elevation 
tachogeneratorse 

The antenna pedestal (Fige 178) is comprised of the following 
components: an azimuth motor drive, an azimuth selsyn drive, an elevation 
motor drive, an elevation selsyn drive, a current collector, a parabolic 
reflectors 
@ The pedestal mounts part of the antenna-feeder system with the 

eee voltage generator and the antenna rotating heads 

The base plate for the antenna pedestal is a round cast-iron plate in 
the middle of which is the bearing of the pedestal main vertical shaft. 

The second bearing of the shaft is mounted in the head of the tripod resting 
against three wedge-shaped shoese | } 

Fitted rigidly on the shaft are the main azimuth gear z = 116 and 
double gear 2 = 320 and z = 200 of the azimuth selsyn drive. The gears 
are engaged with the help of a stop-geare The same vertical shaft mounts 

© a current collector (located above the main azimuth gear) consisting of 
35 slip-rings separated by insulation rings. Contact is sroviaad Uy 
brushes fitted over the slip-ringse The brushes are located on tio. 


parets “mounted on the silumin current=oolleeton body secured in the tripod 


CEPDET 
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The plate of the elevation selsyn drive is connected to the frame of 
the elevation drive motor by a bridge to which a bracket is attached 
carrying the reference voltage generator, the parabolic reflector and the 
sight. ‘The pedestal base plate is provided with level indicators to level 
the antenna pedestal. . 

The bracket attached to the elevation selsyn drive frame mounts a 
reference level intended for checking and setting the level indicators 

located on the pedestal base plate. 

@ . - The antenna is oriented by means of an optical sight mounted on the 
reflector bracket» 

| | A kinematic diagram of the antenna pedestal is presented in Fig. 179 
(Ses Album). — 

| Azimuth Motor Drive 

& The main azimuth gear comes in mesh with output gear 2 = 21 of the 

azimuth motor drive (Fig. 180) which is a reduction gear (2 = 12, 2 = 60, 

| z= 12h, 2 = 96) enclosed in a cast-iron case, The reduction gear is 
driven by ieee 32-3 (Fig. 179), type M1-12f, 0.2 kif, located on the upper 

a) cover of the reduction gear casee Mounted here is azimuth tachogenerator 

M32~6 coupled with the moter shaft by bevel gear i = eet (2 = 27,22 60). 


20 


The pedestal main shaft is rotated in azinuth by drive motor M32-3 





through a floating clutch, a reduction gear and pair of output gears 2 = 24, 
z= 118 coupling the pedestal shaft with the reduction gear. 
The total gear ratio of the azimuth metor drive mechanism is | 
i = 224.8 
Azimuth Selsyn Drive 
Placed round the double gear of the azimuth selsyn drive are coarse 
@ and fine transmitting selsyns M32-1 and M32~2, the plan-position indicator 


system transmitting selsyn M32-5 and azimuth selsyn-transformer M32-4. 


(Fige 1481), The selsyns are installed in vertica]. casings mounted on the 


tt so 
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base plate and are secured in them by means of eccentric rings, with the 


help of which gear clearance is taken upe The azimuth selsyns are rotated 


‘py the double gear (2 = 320/200) coupled through the stop to the main 


azimuth gear of the pedestal. 

The stop-gear soheteracoe a leverage and a pinion engaged with the 
double gear. ‘While in operation the stop-gear is clamped with the help 
of a handle located on the main azimuth gear. The pinion is rigidly 
coupled with the main azimuth gear and eer rotation to the double gear. 

When the stop-gear is tvioned the pinion is rotated about its axis 
and enables the double gear to rotate freely with the main azimuth boas 
motionless. 


The double gear is connected with a setting pinion (z = 16) by means 


of which the rotors of the azimuth selsyns can be set when orienting the 


station. Fitted on the same shaft with the ‘setting pinion is bevel gear 
z= 50. The second bevel gear 2 = 20 coming in mesh with the first one 
is pressed off by a spring during the radar operatione When orienting 
the station, trip the stop gear, press the orientation handle and by 
turning it set the selsyns in the required positions 

The rotors of coarse transmitting selsyn M32-1, PPI. selsyn M32-5 
and selsyn-transformer 32-4. are dcnnenbed to the pedestal shaft through 
gear ratio i= -- . the rotor of fine transmitting selsyn M32~-2 is 


20 
4 


To illuminate the scale of the fine vansmitting selsyn use is made 


coupled to the pedestal shaft through gear ratio i= 





6 


of lamp 232-1, type MM+15, and switch 32-1; the Pie circuit is provided 
with damping sesaston R52-56 | 
Kievation Motor Drive 
Fitted rigidly on the upper end of the main aiedt is a head carrying 
a horizontal shaft, whose one end mounts ro elevation motor drive (Fig. 182) 


while the other, an elevation selsyn drive (See Fige 183) 


CrPREy eee /The elevation 
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The elevation dgton drive is a worm reduction gear (k = 5, z= 72, 
eo 22147, 25 85) » enclosed in a cast silumin case that is rutated by drive 
motor M32~53, type Mi~12f mounted on the drive case. ‘hen the motor 
epeien. outsut gear % = 15 of the reduction gear, while rotating, moves 
along stationary toothed sector z = 200 rigidly fitted on the feigontad 
shaft and thereby imparting elevation rotation to the reduction gear case 
and the parabolic reflector rigidly coupled with aes 
‘A special compartment of the reduction gear case accommodates limit 
| & | switches (microswitches) W32-51 and W32-52 which are included into the 
antenna aeraulon retardation circuit. They operate when the flat cams 
located on the toothed sectcr are pressed» 
To protect Pe elevation drive mechanisms from damage (when the 
eleotric retardation circuit is faulty) the elevation motor drive is 
@ provided sath a special device for disengagement eis the sectors For 
this purpose gear z = 15 is unlocked on the output shaft of the elevation 
motor drive and can freely rotate on ite Tt comes in mesh with the shaft 
through a clutch with end cams which is spline-fitted on the shaft and 4s 
& pressed to gear Z4 = 45 by spring. ith the reflector in Series positions 
the clutch slips along the gear thus permitting it to freely turn on the | 
shaft until the motor comes to a stop. 
The total gear ratio of the elevation drive mechanism is 800. The 
reflector ean turn in elevation ‘within +0-50 to +14~50. 
Tachogenerator N32-56 is coupled to drigé motor M32-53 through gearing 
i =—2— (2 = 60, 2 =95, 2 = 50). Relay P32-5, type R5-13-1, damping 
| resistors R32-8, R32-9, range resistor R32~7 and potentiometer R352~11 
seaneeted into the tachcgenerator circuits are located on the antenna 


@ pedestal base plate. 







Elevation Selsyn Drive 
The elevation selsyn drive (Fige 183) is.a vertical steel plate which 


mounts coarse and fine elevation transmitting selsyns M32-51 and M32-52 


ttre — . @Pranrt foe oc? 
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and elevation selsyn-transformer M32—5lee The selsyns engage toothed sector 
z = 320 and gear 2 = 450 by means of gears fixed on the selsyn shafts. 

When the parabolic réflector rotates in elevation the selsyn gears 
roll along the toothed sector, thus imparting rotation to the selsynse 

The selsyns are mounted in the plate on eccentric rings performing the 
same function as in azimuth selsynse The plate with selsyns is closed ga 
poth sides with cast covers. the latter are provided with openings closed 
with bolted capse The caps may be removed, if necessary» 

The rotor of the coarse transmitting selsyn is coupled to the shaft 
rotating in elevation through gearing i = 1 (2 = 150, 2 = 150). The 
retor of the fine transmitting selsyn is coupled to the shaft rotating in 
elevation through gearing i = 20 (z= 320, 2 = 46). The elevation selsyn- 
transmitter rotor 4s coupled to the shaft rotating in elevation through 
gearing ie 4. (2.= 320, 2 = 80). 

The selsyn drive plate carries resistor R32-3 and connector Zw32-1 
to energize the sight illumination lamp or an orientation lamp (Zw32-2). 

The main shaft and the horizontal shaft are tubes which accommodate 
the coaxial feeder and wires to feed the elements of the elevation motor 
and selsyn drives. 

Located at the lower end of the main shaft is an azimuth rotating 
joint of the feeder, while at the end of the horizontal shaft an elevation 
rotating joint. 

Current Collector 


The current collector (Fig. 181.) consists of thirty-five silver 





slip-rings, 1 separated by pertinax rings 3. The rings are fitted on a 
hollow shaft which accommodates the central feeder and hook-up wires 

running to the current collector. Current is collected from each slip-ring 
by means of graphite brushes 2 fitted over the ringSe The brushes are 


soldered to leaf bronse springs which are attached to two textylite 


terminal blocks P13-7 located in symmetry with the shaft. The terminal 
Crane? 
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blocks are fixed to the current collector body 5 by three screws. The 
@ current collector ody is a silunin casting secured rigidly to the base and 
tripod. 
Parabolic Reflector 
The pareholic reflector is é rigid aluminium perforated structure. 
Reflector 2 (Figs 477) is attached to its silumin case by means ef a frame, 
inserts end steel rings. The case is installed on a bridge rigidly 
coupled to the case of elevation motor drive 6 and elevation selsyn drive 5e 
& The centre of gravity of the parts rotating in elevation is somewhat 
displaced relative to the horizontal shaft, therefore to balance the 
rotating parts a counterpoise is secured on the elevation selsyn drive cases 
‘To install the antenna head in the ‘reflector focus the reflector body 
may be moved along the radiation axis by widening the holes for bolts 
@ securing the body to the bridge. 
Antenna Pedestal Electric Circuit 
The elements located in the antenna pedestal are electrically 
connected to other elements of the station threugh ‘teased blocks F132-1, 
@ P132—2, PL32-3y P1324, PL32-5 (Fig. 185)< 
The elements located in the elevation section of the pedestal are 
electrically connected to other elements through current collector P132~7» 
The wires from the current collector slip-rings to the elevation 
motor drive run to block P132-8 and then in four cables are branched off to 
separate elements. The wires from the current collector slip-rings to 
the elevation selsyn drive run in one bundle to block P132-9 and from the 
block they are branched off to the selsyns and damping resistor R32-536 
The antenna may turn in elevation within -0-50 to +#14-50. To slow 
6 down the aneanus speed when it approaches the extreme positions (-0-50 and 
+14.-50) special limiters are useds This prevents excessive mechanical 
strains on.the stops, 
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When the antenna approaches the lower stop limit switch W32-51 
@ (Fig. 186) operates and a circuit composed of the winding of relay P32-1_ 
and selenium rectifier D13~1 is connected in parallel with the windings of 
elevation amplidyne M34~51, whose control winding resistance is much 
greater than the circuit resistances 
When the pedestal moves towards the stop the potential on point A of 
the amplidyne contrel winding is lower than that on point B, therefore 
current will flow through the winding of relay P32-1 and rectifier D13-1. 
& In this case selenium rectifier D32-1 slightly by~passes the relay winding, 
since its reverse resistance is too large as compared with the winding 
resistance of relay P32-15 
Relay P32-1 picks up and closes the supply circuit of relay P32-3 
which operates to short-circuit terminals D2 and K2 of the amplidyne. 
@ This is accompanied by disconnection of the compensating winding from the 


amplidyne output and a sharp increase of the amplidyne armature interference 





acting counter to the magnetic flux of the control windings. The 
amplidyne sharply reduces the output voltage. In this case the motor 
@ counter-clectromotive force exceeds the amplidyne output veitage and reverse 
current sterts flowing through the drive motor circuit and the compensating 
winding connected into circuit. 
| The motor begins to work during dynamic braking and rapidly changes 
the nurber of revolutions. Besides, the reverse current, through the 
compensating winding, creates a magnetic flux which is opposite to the 
control fluxe As a result the voltage across the amplidyne is practically 
zero despite incomplete balancing of current across control windings of 
the amplidyne which in this case is at no-load. The motor in the braking 
@ circuit is rapidly braked and the pedestal strikes with much weaker force 


against the elastic stopse 





With the pedestal removed from the lower stop the potential of 


point B becomes lower than that of point Ae Relay P32-1 starts handling 
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an appreciably smaller current than during the pedestal approach to the 
lower stop, since in this case large reverse resistance of selenium 
rectifier D13-1 is connected in series with the winding of relay P32-1. 
Selenium rectifier D32-1 with its direct low resistance shunts the winding 
of relay P32-1. The latter drops out and breaks the supply circuit of 
relay P32-3. The relay contacts open and break the motor braking circuit. 
The amplidyne begins producing voltage which acts on the motor and makes 
it move the pedestal away from the stop. 

When the antenna approaches the upper stop limit switch W32-52 
operates similarly and causes the circuit of relay P32-2 and selenium 
rectifiers D32-2 and D13-2 to functiona 

The pedestal base plate carries: relay P32-4, type RS=1 3-405 
damping resistors R32-3, R32-4, range resistor R32-63 potentiometer R32-10, 
wire-wound resistors R32-51 and R32-52, resistor R32-5) reducing the 
elevation amplidyne short-circuit current during operation of the electric 
braking circuit, blade connector Zw32-1 carrying iadbevn: cbaneatee ZW32~20 
Through connector Zw32-1 the antenna pedestal attaches a meter for measuring 
the station gain-frequency characteristic, connector Zw32~2 being removed. 


Resistors R32-1 and R32-2 connected into the torque limiting and the 


feedback bridge circuits of the azimuth channel are located on the cover 


of the azimuth reduction gears 
Drive Metors 
To rotate the antenra in azimuth and elevation motors, type Mi-12f, 
(Fig. 187) are employed in the station. 
The motor, type Mi-i2f, is a D.C. four-pole, separately excited 
machine. The field win@ing is fed with 300 volts D.C. from a separate 
rectifier and consumes a current of 75 Me 


The rated voltage across the motor armature is 110 V, the rated 


current is 2.46 A. With the given voltage across the motor armature and 


SF cpr t eee/300 volts 
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@ 300 volts Boron the field winding the motor develops a speed of 3000 repeme 
and Oo2 kW powere 
- The direction of the motor rotation depends upon the polarity of 
voltage applied to the armature winding, while the rotation speed upon the 
voltage magnitude, The drive motor armature winding is fed with the 
amplidyne output voltage, therefore the antenna rotation is determined by 
the change of the amplidyne output voltages ~ 
® The motor is provided with a block with terminals Sz, and Sey (the 
field winding terminals), W, and Wo (the armature winding terminals). To 
‘suppress radio interference during switching operations a capacitive filter 
is provided. | 
Drive Motor Field Winding Supply Rectifier 
The rectifier is designed as a separate unit (Fig. 188) which is 
& located in the amplidyne cabinet» 
The rectifier is based on a full-wave circuit using kenotron V66-1, 
type 5038 (Fige 189). A supply voltage of 110 V, 50 cep.se is applied to 
& | power transformer Tr66-1 with line contactor P}1~le The output eolesae of 
the rectifier is +300 V. 
Reference Voltage Generator Set 
To rotate the antenna head and the reference voltage generator use 
is made of a three-phase induction motors The motor and the generator 
are enclosed in a common housing. 
The connections of the motor-generator set are presented in Fige 190. 
The eocsuhexs winding of the reference voltage generator motor is 
star-connected and is supplied with a voltage of 220 V,.50 OepeSe The 
| @ rated voltage across each phase of the generator is 33 V. . 
Fitted on the rotor shaft of the motor is a permanent magnet rotating 
in the generator stator at a speed of 1440 repem. and inducing two E.M.Fs 


of 2h Gepes» shifted in phase by 90° in the two generator stator windings. 
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@ These E.iieFs create azimuth and elevation reference voltages across the 
| ‘stator winding terminalse The phase of the reference voltages depends 
upon the arrangement of the magnet and the generator statore . 

Th2 reference voltage generator stator is so constructed that it can 
be turned through a certain angle by means of an adjustable screw located 
on the generator side surface. By means of this screw the stator is set 
so that with the target deviating only in azimuth relative to the antenna 
electrical axis the error signal at the output of the automatic tracking 

@ unit is in phase with the azimuth reference voltage and 90° out oF phase 


with the elevation reference voltages 


9» AMPLIDYNES 


The station is provided with two amplidynes, type WEM-5, located in a 
cabinet (Fige 191). | 
@ The amplidyne is a generator of a special type intended for power 
amplifications 
The emplidyne (Figs 192) consists of a special D.C. generator whose 
@ armature is rotated by a three-phase A.C. induction motors The motor and 
generator are enclosed in a common housings 
The motor rating: 0.93 kW, 3 A, 2850 repeme 
. The generator is provided with two control windings (Uy, Up, and Uss 
Uy)» The D.C. output voltage of the generator with the difference of 
currents flowing through the control windings equal to 10 mA is 115 V 
(at no-load). 
The generator is rated as follows: output power is 0.37 kil; output 
current is 4.35 A and voltage is 85 Ve. To control the amplidyne output 
@ power a low power in the control cireuit is required. 
The amplidyne control windings are connected to the plate eiroutts 
of the D.C. amplifier valves in the azimuth and elevation tracking unit. 
The armature of the amplidyne beuadator is similar in construction 


SFracr wee/to that of a 
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to that of a normal taospols D.C. generator. The difference lies in the 
fact that two pairs of brushes shifted by 90° with respect to each other are 
arranged on the commutator. Two brushes of one pair (a-a in Fig. 193) are 
dnterconnected and form a shorted circuit of the machine armaturee The 
other pair of brushes (W 7 Wy) takes the machine joad seem: 

The amplidyne stator is assembled from sheet steel punchings and is 
provided with two main shaped poles and two Kiebatite poles. The stator 
carries ccommutating windings E 


4 
in series with the load circuit, control windings Uy, Up, and Us U, and a 


=“ Eos compensating winding K, - K, connected 


@ demagnetising winding placed on the poles of the control windings. 

The control windings are so connected to the D.C. balanced amplifier 
that they carry currents in opposite directions. If these currents are 
equal in magnitude the resultant field flux is zero and the amplidyne is 
not excited. | 

& If voltages applied to the D.C. amplifier cause the current in one 
control winding to increase and the current in the other control winding 
to decrease, relatively small magnetic flux ® 4 is developed directed along 
the stator axis (Pig. 193). 
& When the armature is rotated, flux ©, of the control windings induces 
electromotive force in the armature causing large current I, in the 


armature shorted circuite 





Current Ip creates flux © 2 directed along the lateral axis. This 
flux is the main field flux. When the armature is rotated it remains 
stationary and induces (in the armature winding between working brushes 
Wy = Wo) silsgtromative force Es acting in the amplidyne load circuit. 

If this load is connected directly to brushes Wy - Wp current T3» 
that appeared in the armature by the action of electromotive force Ez, will 

@ create armature interference flux © a? opposite directed to flux © 4 along 
_ the longitudinal exis, Owing to this the resultant flux along the 
longitudinal axis will be reduced approximately to zero, which will cause 


Seeney ese/a decrease 
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@ a decrease of flux ® 2 and consequently of electromotive force a3) 

To cancel out demagnetizing effect of the amplidyne load current, 
placed in series with the armature is compensating winding Ky -K& building 
up flux ® K equal in magnitude but opposite in direction to armature 
interference flux @ 

The compensating winding is designed so as to compensate for the 
armature interference along the longitudinal axise To regulate the 

@ . ‘magnitude of the armature interference use is made of resistor R, connected. 
in parallel with the compensating winding» The compensation magnitude is 
set at the Manufacturing plant. 

The commutating windings E, - Ep serve to improve current commutation 
by brushes Wy, - Wp of the amplidyne operating circuit. 

The generator stator iron is magnetised by a magnetic flux created 

@ by difference currents of the D.C. amplifier and preserves part of magnetism 
(residual magnetism) after the control winding currents have been 
equalized. The residual magnetism flux causes appearance of residual 
voltage at the amplidyne outputs This voltage considerably decreases the 
accuracy of automatic target tracking by reducing the system reaction to 
weak signals and introducing accidental errors. 

To reduce the magnitude of residual voltage the amplidyne uses a 
demagnetising winding which is placed cn the generator control poles and is 
: fed with alternating current of 50 c.p.Se 

The demagnetising winding is supplied from one of the amplidyne drive 
‘motor windings (Fig. 492). | 
The magnetic finx created by the demagnetising winding, changes its 


direction depending upon the circuit frequency (50 Gepe s.) and cancels 





part of the residual magnetism thereby reducing reSidual voltage. 





, | sip Caanise 
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Chapter 8 
@ aa DATA TRANSMISSION SYSTEM 


1. GENERAL 


The data transmission system is designed to transmit target data 
produced by the station to the anti-aircraft fire director or other 
equipments associated with the station (LSPPM, search~-light). Besides, the 
system makes it possible to pick up target data frcm the panty warning 
station and for the antenna to be remotely controlled from the PUAZO-6. 

® The main control panel of the station is supplied by selsyns with the 
following data characterising the antenna pcsition: 

~ Coarse azimuth and elevation data to the antenna position indicators 
located in the automatic tracking amet | 

- Fine azimuth and elevation data to the receiving selsyn unit. located 

® on the cabin wall near the main control panel. . 

The anti~aircraft fire director and the search-light are furnished with 
the following data determining the target present position: 

- Target azimuth, coarse and fine readings 

@ (8 Gees Bein) 

— Target elevation, coarse and fine readings 

(Ee 


Oole4 . fer.) 


~ Target slant range, coarse and fine readings 


)« 


Apart from this, when the SON-9 operates in conjunction with the PUAZO-6 


(A Coley 4 or 
it produces: 
- A constant voltage proportionate to the azimuth rate (2 )s 
~ A constant voltage proportionate to the elevation rate (@, y. 
a When picking up target data from the early warning station, the SON~9 
is supplied with the following data: | 


ye 


- Target azimuth, coarse reading ( 8 - 


SFROET 
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- Target slant range, coarse reading ( A ae 


The data transmission system incorporates the following units and 
components: 


- Coarse antenna position indicators located in the automatic tracking 


t 


unit. 

- A receiving selsyn unit. 

~ Four transmitting selsyns, type DI-511, located in the antenna 
pedestal. 

~ Two transmitting selsyns, type DI-511, located in the range mechanism 
unit. 


~- Two tachogenerators, type GT-1, located in the antenna pedestal. 

- The station external boards. 

The data transmission system includes a system conveying coordinates to 
the equipments associated with the SON-9 station, a target indication 


system and a remote control system from the PUAZO-6. 
2. DATA TRANSMISSION 


The block diagram of the data transmission system is presented in 
Fig.194. Solid lines with arrows on the diagram show electrical coupling 
between elements, while dashed lines, mechanical coupling. 

The key diagram of the data transmission system is een in Fig.195. 

The station evtetne dedarea (ses kinematic diagram in Fig.179) 
accommodates four transmitting selsyns, type DI-511, (Fig.196, a) and two 
tachogenerators, type GI-1 (Fig.197). 

Coupled to the shaft rotating the antenna in azimuth (Pig.195) ares 

~ Coarse azimuth transmitting selsyn M32-1 (gearing 1:1). 

~ Fine azimuth transmitting selsyn M32-2 (gearing 1:20). 

~ Azimuth techogenerator M32-6 (Fig.185). — 

Coupled to the shaft rotating the antenna in elevation (Fig. 195) ares 


- Coarse elevation transmitting selsyn M32-51 (gearing 1:1). 
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- Fine elevation transmitting acta M32-52 (gearing 1:20). 

- Elevation tachogenerator M32-56 (Fig.185). 

The range mechanism unit incorporates coarse transmitting selsyn 
M4—4 (Pig. 195) and fine slant range transmitting selsyn M4-3 kenematically 
coupled to the slant range shaft teouah gearings 20:1 and 1:1, respectively. 

The azimuth, elevation and slant range data (coarse and fine) ave 
conveyed from the transmitting selsyns to connectors Zw33-2 AA DIRECTOR 
and Zw33~3 SEARCHLIGHT, situated on the right-hand external board. Besides, 
each of them is supplied with 110 V, 50 c.pes. to feed the stator windings 
of the Feceiving selsyns, located in the anti-aircraft fire director and 
the searchlight. | 

Inside the station the azimuth and elevation transmitting selsyns 
(coarse and fine) furnish the data to ae antenna position indicators and 
the receiving selsyn unit. The indicators are used for showing coarse 
position of the radar antenna (coarse azimuth and elevation). 

The receiving selsyns are electrically connected with the corresponding 
transmitting selsyns located in the antenna pedestal. 

Used as antenna position indicators M6-1 and M6~2 are receiving 
selsyns, type SS-404, (Fig.196, b), situated in the front part of the 
automatic tracking unit. 

The shaft of each selsyn mounts a dise with a scale. The azimuth 
scale is calibrated into 60 large Hiviaions; the elevation scale is 
calibrated from -2-00 to +15-00. The division value of both scales is equal 
to 0-50. 

The receiving seeraamae (Fig.198) serves to iva cate fine position 
of the antenna in azimuth and elevation. 

The unit incorporates two receiving selsyns, type SS-404, (azimuth 
selsyn M44-1 and elevation selsyn M44-2). One revolution value of the fine 


azimuth and elevation scales is 3-00, the division value of these scales 


SECRET | vee/ is 0-01. 
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is 0-01. The key diagram of the receiving selsyn unit is shown in Fig.199 
® (See Album). 

The operating principle of the selsyn drive system is as follows. The 
selsyn consists of a stator with a Spiess winding placed in its slots 
and a rotor with a three-phase winding. The stator windings of the 
transmitting and receiving selsyns are arranged in parallel and ais 
connected to 110 V, A.C. supply. The windings of both rotors are inter- 
connected. When the selsyn rotors are similarly oriented relative to 

| & their stators, electromotive forces equal in deen yids but opposite in sign 

(phase) are induced in the rotor windings. Therefore the leads connecting 

the rotor windings do not carry current and the rotors are motionless. 

If the rotors are oriented differently electromotive forces of various 
magnitudes are induced in ia rotor windings, the daeSenenos between them 
being dependent upon the magnitude of the mismatch angle of the selsyns. 

e Consequently, current appears in the rotor windings which produces torque 
on both rotors. The position of the transmitting selsyn rotor is fixed | 
by the rotating mechanism, while the receiving selsyn rotor may rotate 
@ freely. The rotor of the receiving selsyn rotates until it obtains such 
“a position at which equal electromotive forces are induced again in the 
rotor windings of both selsyns. This position of the receiving selsyn 
rotor corresponds to a new position of the transmitting selsyn rotor. 

To obtain constant voltages proportionate to angular speeds of the 
target movement in azimuth ne and elevation WO, the azimuth and elevation 
motor drives of ae antenna pedestal accommodate tachogeherators of the © 
GT-1 type. 

' The tachogeneratcor is a D.C. generator whose voltage, (when field 

& current value is constant) is proportionate to its armature speed. In 
various tachogenerators the relationship between. output voltage and the 


armature speed is sometimes disturbed. Deviations are compensated for by 
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changing the tachogenerator field current, which is achieved by selection 
© of range resistors at the Manufacturing plant placed in series with the 
tachogenerator field winding: R32-6 for the azimuth tachogenerator and 
R32-7 for the elevation tachogenerator (Fig. 200). 

The tachogenerators are protected from overloads at high angular 
spéeds of the antenna pedestal by relays P32~4 and P32~-5, type RS=13, located 
in the azimuth compartment of the pedestal. 

The relay windings are connected to the amplidyne outputs. When the 

e relay windings handle currents exceeding a definite value the relays trip 
off thereby ieee damping resistors R323 R32-4 and R32-8, R32-9, in 
the field circuit of the tachogenerators, which results in a decrease of 
field current and appropriate reduction of the tachogenerator output 
voltage. 

The relay operating current is set in such a way thet azimuth relay 
P32~4 operates when the output voltage of the azimuth faahoeeneiee reaches 
200 to 220 V, whereas elevation relay P32-5 when the output voltage of the 
elevation tachogenerator reaches 160 to 220 V. 

@ To set the operating current of azimuth relay P32-4 and elevation 
relay P32-5 variable resistors R32-10 and R32-11 are placed in series with 
their winding circuits. 

_ During automatic scanning or maniial control the tachogenerator circuits 
are opened by switch MODE OF OPERATION. Thus, voltage is taken off the 
aphousHena tend only during automatic target tracking. 

‘The tachogenerator field windings are fed from the PUAZO-6 through 
connector Zw33~-5 AA DIRECTOR ANGULAR SPEED located on the left-hand external 


board of the station. 
© 3. TARGET DATA RECEPTION 


Target data are picked up from the early warning station with the help 


of the sclsyn drive (Fig.195). _ 


| SFERET | oe lesawes azimuth 
: ARS UR fl 
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Coarse azimuth and slant range data are furnished on the early warning: 
@ station to the SON-9 through connector Zw33-4 TARGET INDICATOR located on | 
the right-hand external board. 

When the station is switched tc pick up target data selector switch 
GUN-LAYING RADAR ~ EARLY WARNING STATION (RSA - Rswe)* in the receiving 
selsyn unit (Fig.198) should be set in position HARLY WARNING STATION 
(RSWP fiost/). In this case the receiving selsyns are set to pick up the 
target data from the early warning station: 

e the fine azimuth receiving selsyn as a coarse azimuth receivers; 

the fine elevation receiving ghnabe as @ coarse slant range receiver. 

-The data during this mode of operation are read on the irner scales of 
the receiving selsyns with respect to the pointers fixed on the plexiglass 
in front of the scale. One revolution of the azimuth scale corresponds to 
60-00, while a division value to 0-50; one revolution of the range scale 

@ corresponds to 80 km., a division value to 500 m. The position of the 
pointers is set when the SoN-9 selsyn drive is matched with the early 


warning station. 


@ 4. REMOTE CONTROL FROM PUAZO-6 

When the radar station is tracking multiple targets within visibility 
range and when its operation is affected by interference (active or passive) 
the target present data (slant range, azimuth, elevation) may be determined 
by means of an optical range finder directly from the PUAZO-6.~ 

The station design provides for automatic homing of tne antenna 
pedestal on the target both in azimuth and elevation from the PUAZO-6. If 
conditions permit, the selected target is tracked by the radar station in 
range automatically or manually since the slant range is determined by the 
station more pretisely than by the PUAZO-6. The slant range present data 


produced by the station are passed to the PUAZO-6. 


A In stations of earlier. design the switch is marked GROM-MOST. 


CrpnET 
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The antenna is remotely soureettied from the PUAZO-6 by means of 
@ transmitting selsyns and selsyn-transformers whose operating principle is 
described in Chapter 7. In this case Seatue azimuth and elevation 
transmitting selsyns M32-1 and W32-—51 placed in the antenna pedestal serve 
as transmitting selsyns whereas selsyns, type SS-405 (Fig.196, c), located 
in the PUAZO-6 and kinematically coupled with its lange Pinger serve as the 
selsyn-—transformers,. 
The simplified diagram of the remote control system from the anti- 
| @ | aircraft fire director is shown in Fig.201. 

During senate see by PUAZO-6 azimuth and elevation selsyn- 
transformers M32-4 and M32+54 of the antenna pedestal are disconnected 
from the azimuth and elevation tracking unit and connected through contacts 
of Kavars P10-1 and P10-2 to follow-up motors Mi2-3, M12-52 of the antenna 
control unit. The azimuth and elevation selsyn-transfozmers located in 
the PUAZO-6 are connected to the azimuth and elevation tracking unit. 

The Peilowann motors of the antenna control unit being fed with control 
voltage from the azimuth and elevation selsyn-transformers of the antenna 
: @ pedestal. turn the rotors of transmitting selsyns M12—1 and M12-51 to 

eliminate the antenna hunting when the radar station is switched over from 
remote control to control from the station control unit. 

To cancel out continuous oscillations of the antenna in agimth (due 
to large amplification in the antenna positioning system) when the/station 
is remotely controlled from the PUAZO~6 the input of the azimuth and 
elevation tracking ere azimuth channel is shunted by resistor R13-1 located 
on the control panel together with selector switch W13-7 (AA DIRECTOR 


CONTROL - STATION). 
© 5, EXTERNAL BOARDS OF STATION 


The external boards (Fig.202) are located on the left-hand cabin wall 


(Looking forward). Their connection diagram is presented in Fig.203. 


SERRET .»./The right-hand 
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The right-hand external board carries: : | 
@ - Connector Zw33-1 (POWER UNIT) to feed voltages of 220 V, 50 apes. 
and 110 V, 427 cepes. to the station. | 
- Connector 2w33-2 (AA FIRE DIRECTOR) to feed the target present data 
(coarse and fine azimuth, elevation, slant} range). | 
- Connector Zw33-3 (SEARCHLICHT) to furnish the searchlight with the 


target. present data (coarse and fine azimuth, elevation, slant range). 


Connector Zw33-4 (TARGET INDICATOR) to pick up azimuth and slant 
@ target data (coarse) from the warning station. 
~ Two pairs of telephone line terminals (133-1 to 133-4). 


6-V socket-contact G33-7 to feed a portable lamp. 


| 


| 


6-V board lighting lamp (233-1). 


Board lighting lamp switch W33-1. 





t 


Terminal EARTH (Z33-5). 

















The left-hand external board carries: 

- Connector Zw33-5 (AA DIRECTOR ANGULAR SPEED) to pass voltages 
proportionate to angular speeds of the target movement from the tachogenerators 

@ | to the PUAZO-6. 

- Connector Zw33-6 (4A DIRECTOR REMOTE CONTROL) to connect selsyn- 
transformer of the PUAZO-6 to transmitting selsyns M32-1 and M32~51 of the 
station during remote AA director control. 

- Four pairs of terminals to attach telephone lines (L33-6 to L33-13). 


- 6-V board lighting lamp (233-2). 


Board lighting lamp switch W33-2. 


Terminal HARTH 233-14. 
6. TELEPHONE COMMUNICATION CIRCUIT 


@ The radar station is provided with external telephone communication 
(Fig.204). The telephone line terminals are located on the external boards 
of the station. Inside the station are two telephone sockets to which 


are connected telephones, one having éno,hines in parallel and the other 
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Chapter 9 
© | POWER SUPPLY SYSTEM 


1. GENERAL 


The power supply system serves fou distributing electric energy 
obtained from the power unit to the systems and devices of the radar station. 

The power supply system includes a control cabinet located on the right 
of the main control board, a control panel located in the middie of the 


| lower part of the main control board, and cables. 
| 2, POWER UNIT 


! Used as a primary power supply of the SON-9 is a mobile power unit, 
type APG-15, producing three-phase alternating current of 220 V, 50 copes. 
and single-phase al ternating querene of 110 ‘NV; 427 CeDeS. 

The general view of the power wae is shown in Fig.205. - 

@ The power anid is transported on a specially equipped truck, type 
ZIS-151, towing the radar station, and is designed to operate on the 
truck platform or on the ground. ‘ | 

@ _ The primary engine of the power unit is a four-stroke carburettor 

four-cylinder vertical internal combustion engine, type GAZ-MKB. The 
engine develops 22 h.p. at 1,500 r-pem, | - 


The power unit accommodates an A.C. synchronous generator, type | 


MSS-72/4A, of 12 kW (at cos © = 0.8), 230 V, 50 copes 















From the connector of the external distribution board the voltages are 
fed through a cable to the control cabinet contactors switching on the 
snes of 50 and 427 c.p.se To check the incoming voltages the control 
cabinet accommodates voltmeters. 

| ‘The control cabinet houses the equipment protecting and switching the 
@ main control board lighting, ventilation and heating circuits. 
The voltages of 50 and 427 Sanne from the control cabinet are fed to 


the control panel which serves for Aas Tapas power between consumers. 


SECRET : oo ./From the 
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From the terminal blocks of the control panel the voltages are conducted 
@ to the main control board units, transmitter cabinet and separate loads | 
Settee voltages of 50 c.p.s. (fan eons ainplidynes, lighting circuits, 
ete. ). | | 

In the absence of A.C. voltage the power supply for lighting circuits 
(emergency lighting) isa 6V Lead storage battery placed ina speciul case . 
of the station cabin. 

The SoN-9 while operating on alternating current of 50 c.p.s. consumes 

@ about 7 kVA, and on alternating current of 427 c.p.s. about 3 kVA. 

The total power consumed by the station is approximately 10 kVA. 

50 c.peS. voltage is used in the main to feed three-phase power motors 
and selsyns, and 427 copes. voltage to feed the rectifiers of the station. 

The voliage of increased frequency (427 c.p.s.) is intended for 

@ reducing the weight and dimensions of the power transformers and chokes. 

To feed the SON-9 rectifiers the power unit APG-15 incorporates a 
converter, type ALA~3. 5ML-B2, used for converting 50 cepese into 427% CeDeSs 
frequency. I% consists of a three-phase induction motor operating on 

@ 220 V, 50 c.pes. and a generator of increased frequency fitted on the same 
shaft with the motor. The generator rating: 3.5 kW (at cos @ = 0.8), 
115 V. | 

The power unit APG-15, is provided with distribution boards of the 
generator 50 c.pes. and converter on which control, protective and starting 
equipments are installed. 

The power unit is provided for supplying from a three-phase A.C., 

220 V, 50 copes. external supply. For this purpose the cable running from 
an external supply showld be attached to terminals Ly» Lys Lys located on 
@ the unit feeder board and the rotary switch positioned on the same board 


set from position GENERATOR to position LINE. 





7 .+2/3+ BLOCK-DIAGRAM 
SECRET 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A03140001 0001-1 








I oy ha eige 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


OEbHE! 


- 215 - 


e 3. BLOCK-DIAGRAM OF POWER SUPPLY SYSTEM 


The simplified block-diagram of the station power supply system is 
shwon in Fig.206, while the key diagram in Fig.207 (See Album). 

A.C. voltages of 50 and 427 c.p.s. produced by the power unit are 
conducted to connector Zw33-1 of the atatven right-hand external board 


through an eight-core power cable (See Fig.202, b). 
4. CONTROL CABINET 


@ The general view of the control cabinet is shown in Fig.208, key 
diagram in Fig. 209. | 

The control cabinet accommodates the follcwing equipment: 

1. Contactor P31-1 (MAINS 50 epee.) connecting 220 V, 50 0. D. 8. mains 
to control buttons W31-1 (ON) and W31-2 (OFF) and contactor P31~2 (MAINS 

@ 427 C.Pe8.) connecting 110 V, 427 cepes. mains to control button W31-4 ON 
and W31-5 OFF. 

The contactors are provided with movable and stationary contacts 
(Fig.210). The movable contact shaft mounts a lever coupled to the movable 

ee part of the magnetic circuit of the magnetic starter. 

When pushing button ON (W31-1 or W31-4) a voltage of 220 V, 50 coped. 
is apnlied to the coil of the appropriate magnetic startet and the movable 
part of the starter magnetic circuit is attracted to the stationary one, 
the lever and the movable contact shaft being turned and all three movable 
contacts are simultaneously pressed against the staticnary ones. 

When pushing button OFF (W3i-2 and W3i~5) the supply circuit of thea 
sucking coil opens and the movable contacts under their own weights come 
back to the initial pssition. 

@ Each contactor is rrovided with interlocks which; upon operation of the 
centactor, shunt the CN-—button. Therefore, after the contactor has been 


“energized the ON-button may be released and the contactor will remain 


tem anemnen I 
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2. Thermal relays (P31-3, P31-6) in the 50 c.p.s. mains and relays, | 
type TRW-40.5 (P31~4, P31-5), in the 427 c.p.s. mains used for protecting 
the supply circuits of the station from overlaods and short—circulis. 

The relay heating elements composed of bimetallic plates mechanically 
act on the relay contacts which open and break the supply circuit of the 
appropriate contactor sucking Soil when they carry current of higher than 
permissible value. : 

3. Rotary switches W31-7 (VENTILATION), W31-8 (MAIN CONTROL BOARD 
HEATING) and W31-9 (LIGHTING) to turn on or off the supply circuits of the 
appropriate lcads. 

4. Fuses B31~1 to B31-12 to protect the electric circuits from short— 
circuits. Hach fuse consists of a replaceable link enclosed in a ceramic 
tube which on both sides is fitted with metal caps. 

5. Socket—contacts G31-1 ana G31-2 (220 V, 50 cep.s.) for connecting 
a soldering iron and an oscillograph. 

6. Meter M31-1, for counting operating hours, composed of a synchronous 
motor, type SD-2, a reduction gear and a roller computing device: the 
counter operates qnen both contactors (of 50 and 427 o.pes. circuits) are 
energized. 

7. Voltmeters Pp31-1, (50 c.p.s. VOLTAGE) and Po31-2, (427 o-p.s. 
VOLTAGE), type E-421, to check the value of the voltage applied to the 
station. 

8. Lamps Z31-1 and 231-2 for lighting the voltmeter scales. 

9. Button W31-3 SIGNAL for communication with the power unit by means 
of sound and light signalling using a special code. The code table is 
fixed to the front psnel of the control cabinet. Pressing button SIGNAL 
(W31-~3) closes the supply. circuit of a horn and a pilot lamp located on 


the power unit. 


SECRET | +ee/5« CONTROL PANEL 
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. & 5. CONTROL PANEL 
The general view of the control panel is showa in Figs 211 and 212, 


while the key diagram in Fig.213. 





The control panel carries the following equipments: 
1. Magnetic starter P13-1 of the azimuth amplidyne and magnetic starter 
P13~2 of the elevation amplidyne with control buttons W13-1 (AZIMUTH 
SMPLIDYNE) and W13-2 (ELEVATION AMPLIDYNE) , by means of which the amplidyne 
| @ magnetic starters are switched on or off. . : | 
The movable contacts of the magnetic starter (Fig.214) are directly 
coupled to the movable part of the magnetic sircuit (armature) which 
moves reciprocatingly up and down. 
When the ON button of the magnetic starter is pushed a voltage of 
220 V, 50 copes. is fed to the sucking coil, the armature moves upward and 
& the movable contacts are pressed against the stationary ekess When the | 
OFF—hutton of the magnetic starter ‘is preaded its contacts open under the 
‘weight of the movable sentens system. | 
When the starter operates the ON button is shunted by the interlccks. 
© To make the starter operation more reliable an additional. interlock 


is installed in parallel with the main one. 





2. Thermal relays P13-3, P13-4, P13-5 and P13-6 (ens TRW-12) for 
protecting the amplidynes from overloads and short-cireuits. The 
-operating principle of the thermal relays, type TRW-1 2, is similar to that 
of the thermal relays, type TRW~305, located in the control cabinet. 

3. Rotary switches: W13-3 (AA FIRE DIRECTOR) for energizing the 
selsyns of the AA fire director and searchlight, wt 3-4 SELSYN to feed 


voltage to the selsyns follow-up motors and relays; W1 3-5 (REFERENCE 





@ VOLTAGE GENERATOR) for energizing the motor of the reference voltage | : 
generator, W13-6 (DEHYDRATOR) for energizing the motor of the electric 


dehydrator. 





‘SEeREy .++/4. Fuses 
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4. Fuses (ceramic) B13-1 to B13-14 to protect the electric circuits 
from short—circuits. 

5. A fan with motor M13-1 providing ventilation of the main control 
board. 
| 6. The main control board electric heater R14-1 for hewthng the air 
drawn into the main control cue, It consists of two resistor sections 
located in the lower part of the board to either side of the control panel. 
The heater is switched cn only at low ambient air temperatures. 

7. Transformer Tr13-3 stepping down 220 V, 50 c.pes. to 110 V for 
feeding the selsyn indivon of the station fcllow-up motors and relays. 

8. Transformers Tx13-1 and Tr13-2 to step up the reference voltage 
obtained from the reference voltage generator which is then fed to the 
azimuth and elevation tracking unit during automatic target tracking. 

& , 9. Selenium rectifiers D13-1 and D13-2 for shunting the elevation 
anotadyie contrel windings through limit switches, which retards the antenna 
in elevation in the extreme antenna positions. 

10. Selector switch W13-7, resistor R13-1 and terminal blocks P113-9 
& and P113-10 for changing over to remote control from the PUAZO-6. 

11. Connector. Zwi 3-1 for connecting the target simulator to the station. 

12. Terminal blocks P1i3-1 to P113-7 for connection with other units 


and components cf the station. 


6. CIRCUITS FED WITH A.C. OF 50 coped 
220 V, 50 c.pes. Circuits of Three-Prase Line 
Voltage of 220 V, 50 Co Pe Se (Fig. 207) of the three-phase line is fed 
through the cable from the pcwer unit via counseior Zw33~1 (contacts 10, 11, 


12) of the station external board to the control cabinet and is impressed 





e 


on terminal blocks P131-4 (contact 4) and P131-5 (contacts 1, 2). Then 


it is fed to contactor P3414, 


re * SECRET .../With button 
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With button W31-1 (ON, LINE 50 c.p.s.) pressed, the contactor operates 
© and voltage through closed line contacts of the contactor and thermal 
relays P31~3 and P31-6 is applied to the fuse boards and terminal block 
P131~1 of the control cabinet. 

From terminal block P131-1 220 V, 50 cep.s. are fed to the control 
panel (to terminal block P113-1) and from there to the transmitter. 

An A.C. voltage of 220 V, 50 c.p.s. of the three-phase line is used in 
the station to feed power motors. 

Directly from terminal block P113-1 of the control sane He three-phase 
line voltage is fed through fuses Wi3-2, W13-3 and W13-4 to the fan motor 
(M13-1) of the main control board. Consequently, the fan is switched on 
simultaneously with application of voltage to the main control board through 
contactor P13-1 located in the control cabinet. 

& The cabin fan notoy is fed from the control cabinet through fuses 
B31~4, B31~5, B31-6 and rotary switch W31~7 (VENTILATION). The fan is 
installed in the amplidyne cabinet and is switched on in summer time at high 
temperatures inSide the cabin. 

& The azimuth and hia amplidynes are energized by magnetic starters 
P13~1 and P13-2, located on the control panel. 

Pressing button START Wi3~1 (AZIMUTH AMPLIDYNE) closes the supply 
circuit of the starter sucking coil, the starter operates and voltage 
through closed line contacts and thermal relays P13-3 and P13-5 is applied 

"to the azimuth amplidyne motor (M34-1). 

Eecoeing button START 3-2 (ELEVATION AMPLIDYNE) causes magnetic 

Mica eae nn : 
starter iy322—to~eperate and a voltage of 220 V, 50 c.p.s. is applied through 
thermal relays P13-4 and P13-6 to the elevation sautiagas motor (M34-51). 

@ Voltage to thd-autonatits dryer motor is paiaed from the control panel 
through ides Bi3-9, Bt 3-10, B13-11 and rotary switch W13-6 (DEHYDRATOR). 


The referende voltage generator motor M32—7 is connected to 220 V, 





} al 
50 ube circuit through the slip rings ‘of the antenna pedestal current 
A aranre? 
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® collector, rotary switch W13-5 (REFERENCE VOLTAGE GENERATOR) and fuses B13-12, 


B13-135 and B13-14. situated on the control panel. 


410 V O-cepeSe Circuits of Sin Je~Phase Line 





The windings of the selsyns of the station follow-up motors and relays 
are fed from 110 V, 50 cepes. single-phase line. 
110 V, 50 o.pese are taken from the secondary winding of transformer 
Trt3~3 installed under the main control boarde 
The selsyns, follow-up motors and relays are connected to 110 V, “ae 
@ 50 cepese line through rotary switch 13-l. (SELSYNS) and fuses B13~7 and 
B1 3-8, Located on the control -panels Via these fuses and terminal block 
Pu3~5 by-passing the switch the voltage of 110 V, 50 cepes. is applied to 
the rectifier supplying the field windings of the drive motors. 
Thus, the motors are excited simultaneously with switching on the 
& 50 c»pes. line in the control cabinet. : 
The selsyns of the AA fire-director and searchlight are connected to 
440 V, 50 c.p.s» line through fuses B13-5 and B1 3-6 and rotary switch W13-3 
(AA FIRE DIRECTOR). | 
® | The main control board heater Ri4~—1 is energized through fuses B31-7 and. 
-B31-8 and switch W31-8 (MAIN CONTROL BOARD HEATING) » | 
Directly #rom output terminals of the control cabinet the power unit 
voltage of 220 V, 50 copes. is applied through fuses B31-11 and B31-12 to 
connectors G31-1 and G31-2 of the control cabinet for connecting a soldering 
iron and an oscillograph. The voltage is then applied through’ fuses B31~9 
and B31-10 and rotary switch W31~-9 (LIGHTING) to lighting transformer Tr34-1, 
located behind the main control board. 
® ; The se wirding of transformer Tr34-1 feeds 6 volts that are 
applied: | 
- to tie control cabinet through terminal block P13i-1 to lamps 231-1 | 


and 231-2 for lighting the scales of the control cabinet voltmeters} 
wis Se | OFAnrs | 
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- to the receiving selsyn unit through terminal block P1442 and switch 
@ W44-4 to lamps 244-1 and 244-2 for lighting ata scaless 
~ to the lighting board (Fig.215) to selector switch W35-5 (Fig. 207) 
marked POWER UNIT ~ STORAGE BATTERY and through fuses B35-2 and B35-1 to 
terminal block P1l17~1. 
With the switch in poses POWER UNIT the station lighting lamps are 
| fed with alternating current ecm transformer Tr3 34~1 » while in position 
STORACH BATTERY from the storage battery placed in a special case of the 
® station cabin. | 
From terminal block Pi17-1 the voltage 6 V is conducted: 
~ through switches W35-1, W35-2, W35-3,,W35-4, located on the Lighting 
board and door interlock W35-6 shunted by switch W35~7, to cabin aenian ng 
lamps 235-1, 235-2, 235-3, and 235-4; through switch Wi7-1 to lamp 235-5 
& located on the left-hand cabin wall at the telephone operator's table; 
~ to connectors 635-1 (on the lighting board) and 633-7 (on the. external 
lighting beard) to switch on a portable lamp and through switch W33<1 and 
W33-2 to the lighting lamps of the external boards. 
eo os Under blackout conditions switch W35~7 should be disconnected. In this. 


case the cabin lighting is automatically switched off when opening the door. 
7. CIRCUITS CED WITH ALTERNATING CURRENT OF 427 c.p.s. 


110 V, 427 c.p.s. are fed through the power cable from the power unit 
to connector Zw33-1 of the station external board (contacts 60, 71). 

From connector Zw33-1 voltage is fed to the control cabinet to 
contactor P31~2. Pressing button W31~4 (ON) causes the contactor to operate 
and a voltage of 110 V, 427 c.p.se is applied to the control panel heouah 

@ two side line contacts, thermal relays P31-—4 and P31-5 and terminal block 
| P131~4. 


Simultaneously the middle line contact is closed to feed the station 


Ger 
SEGRE .../From terminal 
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From terminal blocks P113-5 and P113-6 of the control panel the voltage 
e of 110 V, 427 c.p-s- is applied to the amplifier unit of the automatic 

tracking channel (Zwi-6), the amplifier unit of the range channel (Zw2~4), 
power packs of the range and plen—pseition indicator systems (Zw5-3), the 
automatic tracking unit (Zw6-1) and to terminal block P125-1 of the 
transmitter cabinet for feeding the modvlator—oscillator, driver and I.F. 
preamplifier unit. | 

For éesoription of the supply circuit of the separate units and systems 


@ of the station see corresponding sections of the manual. 


‘8. TABLES OF FUSES OF THE CONTROL CABINET 
AND CONTROL PANEL 


The tables indicate the lccations and rating of fuses. 


Table of Fuses Located in Control Cabinet 


Location lrated 














tion of Notes 
fuses current 
@ 4 | 2 ace | 3 | 4 
i 
B3i-1 | Spare , 25 | Located from 
B31-2 25 right to 
B31-3 | 25 left on the 
| vertical 
panel 
B31-4 Supply circuit of cabin 15 Located 
B31-5 fan motors 15 from 
B31-—6 15 right to 
left on the 
vertical 
panel 
B31-7 Supply circuit of main 15 Located 
B31—8 control board ksaters 15 from left 
B31-9 Lighting supply circuit 5 to right on 
B31=10 5 slanted 
& B31-11 Oscillograph, soldering 15 panel 
B3i-12 iron circuit 15 
i 
-+-/Table of 
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Table cf fuses located on the Control Panel 


. 2 , 3. 4 

' Bi3-1 Spare | 5 
Bi 3-2 Supply circuit of control De 
Bi 3-3 panel fan motor 5 
B13-4 5 Located 
Bi3-5 Circuit supplying anti- 5 from left 
Bi3-6 aircraft fire director and 5 to right 

searchlight on 
Bi3-7 Supply circuit of selsyns, 25 panel 
Bi 3-8 follow-up motors and relays — 25 
& Bi3-~9 Supply circuit of automatic - 10 

Bi 3-10 dryer moter 10 
B13-11 10 
Bi3~12; Supply circuit of reference 5 
Bi3~13| voltage generator motor 5 


B13-14 D 
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Chapter 10 


& AUTOMATIC ATR DRYER (DEHYDRATOR) 
4, GENERAL | 





The automatic dryer (dehydrator) , type AD~220T, is designed to dry the 
air obtained from the atmosphere and to deliver it under low pressure to the 


antenna—feeder system. 


The dryer AD-220T capacity depends upon the output air pressures 


| 
| ® Air pressure at the dryer outlet, ke/sqeome 02 2.4 


Air consumption, lit/min. . 22 10 





The air humidity at the dryer output depends upon the humidity of the 
Bnoschnetie air, its consumption by the dryer and the number of hours in 
operation. | 
®@ The dryer is fed with a three-phase current of 220 V, 50 c.p.s. and 
consumes about 1.2 kW. The dryer weight is about 105 kg, and dimensions: 


length 458, width 640, height 562 mm. 
@ 2. GONSTRUCTION AND OPERATION 


The general view of the automatic dryer is shown in Fig.216. The key 


and wiring diagrams are presented in Figs 217 and 218. 


Dryer Construction 

All parts and units of the dryer are mounted inside a metal frame. 

The front panel carries dryer controls (Fig.216) whereas on the back 
are mounted the parts of the controls, their wiring and other elements 
(Figs 217 and 218) whose name and purpose are given below. 

Switch 35 (Fig. 217) is designed to turn on the dryer, and lamp 40 to 

@& snareate that the dryer is energized. Lamps 33 Light up indicating which 

of the drying chambers is being restored. 

A time relay with motor 38 controls the operation of the devens 


Magnetic starter 37 controls the operation of motor 1 of compressor 2. 


CEPRET ms 
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Pressure gauge 20 reads pressure in the line. 

@ Moisture indicator 21 is a glass tube containing silica gel (silicic 
acid S, 0,,»NH,0) impregnated with cobalt salts. The silica Ri changes its 
colour depending on the humidity of the air drawn through it. 

Pressure governor 19 enables the air pressure to be varied manually at 
the dryer output. After each adjustment the governor handle should be 
locked with a eee. 

| Needle valve DEW POINT 17 makes it possible to decrease the amount of 
the air dryer's output and thereby to lower the "dew point" temperature. 

The left- and right-hand walls carry solenoid valves (10, 11 and 28, 29) 

controlling the air flow leaving the drying shanbee: The eiige proper is 
a tip press-fitted into the core of the electromagnet. 
Drying chambers (7, 25) are intended for drying the air forced through 
® them. Each chamber contains 3 kg of silica gel (silicic acid S,0,,.NH,0) 
and is fitted with a heating element (6, 24), a temperature relay (8, 26) 
and a filter (9, 27). 
The heating element (6, 24) is a bens tube which accommodates a heating 
| @ spiral buried in quartz sand. 
| The temperature relay (8, 26) is used to limit the temperature rise in 
the drying chamber to 4:230° by breaking the supply circuit of the heater. 
Its operation is based upon the use of various linear expansion coefficients 
of brass and invar. | 

Located on tis bottom of the dryer Aouaiae are step-dowm transformer 
39, air collector 16 with return valve 15 and filter 18. 

The air collector with return valve is designed to smooth the wivee tion 
of the air flow and to reduce the number of the compressor starts when the 

@ line is hermetically sealed. 

To ensure normal eperation of the return valve the rubber used in it 
should be elastic and glossy and without surface irregularities. 


SECRET -+e/The dryer ° | 
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The dryer base mounts motor 1 driving compressor 2, The compressor, 
diaphragm type, draws in the atmospheric air and delivers it undér pressure 
through the drying chambers to the feeder system and to the drying chamber 
which is a the restoration process (to blow it out). The employment of 
diaphragms in the compressor ensures against penetration of oil fumes in the 
compressed air. The compressor is driven by the motor through a bel 
transmission. 

Located under the base is a cooler, ribbed tube 3, designed to cool the 
compressed air entering the drying chamber. 

To protect the air system of the dryer fxom excessive pressure and to 
switch off the acapeeeeon at the five-hour cooling cycle use is made of 
pressure relay 12 which consists of a transmitter, a servo mochanism with 
two bleeding valves and a contact device with a magnet. The transmitter is 

@ a diaphragm—type device picking up the line air pressure. 

The dryer operation (closing of the dryer electric circuit contacts) is 
controlled by means of the time relay (Fig.217). Fig.217 and the relay 
diagram presents the circuit diagram of the dryer and the time relay 

@ cyclogram. | 

The time relay is a box accommodating a shaft with cams which close 
and open the contact plates while the shaft is rotating. The shaft is 
driven by motor 38 through a reduction gear. 

The cama (their crests) are set to Sorpeuponding divisions by the limb 


depending on the dryer work cycle (time relay work cycle) and are pinned to 










the shaft: the first cam is set to division 7, the second to zero division, 
the third to division 12, and the fourth to division 19. 
‘Notes The cams are checked for proper setting as follows: when 
@ the shaft is tumed from a position corresponding to zero 
division to a position corresponding to 7 (on the scale) 


contact plates 1, 2 and 3 should be closed. In tae position 
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corresponding to 7 contact plates 1 and 2 open, contact plate 
@ — 3 remains closed until the shaft is turned to a position | 
corresponding to 12. | | 
At figure 12 contact plate 3 opens, whereas plates 4, 
5 and 6 close. | 
At figure 19, contact plates 5 and 6 open, while plate 
4 remains closed until the shaft is turned to figure 24. 
The shaft being further rotated, the cycle is repeated. 
@ The time relay contact plates are coloured as follows: the first plate 
is yellow, the second is green, the third is blue, the fcurth is yellow-blue, 
’ the fifth is black andthe sixth is red. | 
To facilitate wiring the dryer circuit wires have the same colour 
coding as the time relay. This ecatas is presented on the wiring diagram 
@ (See Fig.218). 
Dryer Operation 

Air drying is based on the active moisture-absorbing properties of 
Silica gel. 

When the dryer operates for a long period of time the drying chambers 
operate alternately: while one chamber is eneaned in air drying for a 
period of 12 hours, the other chamber is restoring silica gel by calcination 
at a temperature of 200° for seven poe with subsequent cooling for five 
hours. 

Let vs consider the dryer operation consulting the diagram presented 
in Fig.217 where the active chamber is represented by chamber 7. 

When the motor is energized and one of the silica gel chambers operates 
‘continuously the atmospheric air is admitted from compressor 2 to cooler 3 
@ and bleeding ware 13 of pressure relay 12. 

At the coil outlet the air flow takes two channels: one runs to chamber 


7 in which air is dried (absorbtion), the other to chamber 25 where silica 


gel is restored. SECRET 
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The air flowing through the first channel passes via return vaive 4, _ 
@ enters drying chamber 7 (during absorbtion process) and gives up its moisture 
to silica gel particles. The dried air passes Sendai filter 9, where it 
is purified through solenoid valve 10, filter 18, return valve 15, air 
collector 16, needle valve 17, pressure governor 19, moisture indicator 21 
to the feeder line. The air pressure in the line is measured by pressure 
gauge 20. 

The air flowing through the second channel is admitted through return 
valve 22, to drying chamber 25 (during the restoration process), captures 
water vapour formed due to heat dissipation from heating element 24. Then 
the air passes through filter 27, solenoid valves 28 and 29 and escapes 
through throttle sleeve 31 in solenoid valve 29. ° 

This process takes al hours. During this period the compressor 

@ motor operates continuously, (and one of the green lamps burns). By the end 
of the process silica gel in drying chamber 25 is restored and airpipes 
running from chamber 25 are completely dried by the hot air flowing through 
them. Solenoid valve 29 closes, heating element 24 is cut off and the 

© atmospheric air goes on flowing through drying chamber 7 for five hours. 
During this time drying chamber 25 cools down to the ambient temperature. 
During ‘this same period silica gel in drying chamber 25 is being 
restored. Thus the working cycle of silica gel restoration takes 12 hours. 
During the five-hour cycle the compressor motors and the time relay 
operate intermittently. 
The operation of the compressor motor is controlled by the pressure 
relay as follows: 
| If the pressure is beyond the permissible value the diaphragm of 

& pressure relay 12 sags and through a pusher acts on the servo mechanism 
against the force of adjusting springs. In this case the spring shifts 
the lever to the extreme position. The lever side projections press the 


seg eee ji pushers of 
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pushers of the bleeding valves and open Shain The air from the compressor 
@ mains and the air pipe passes to the air collector. Simul taneously the 
lever acts on the contact device breaking the supply circuit of the 
compressor motor. As soon as the pressure on the diaphragm falls to the 
set value the relay mechanisms will come back to the initial position again 
and the supply circuit of the compressor motor is closed. 

The relay operation order described above takes place only during the 
five-hovr cycle. 

The time interval between the compressor switchings on depends upon 
the hermstic sealing of the line. . The butter the sealing the longer the 
cut-off period. Therefore, the five-hour] cycle may take several days 
(if the air leakage is inconsiderable), i.e. as long as the total duration 
of all compressor switchings on makes up five hours. 

eS During the seven~hour cycle the relay utners the air pressure ‘in 
the line with the compressor operating continuously. 
When 12 hours elapse the time relay switches the solenoid valves so 
that the process described is repeated for chamber 7 (nahee 4 starts to 
@ restore silica gel while chamber 25 begins operating). The complete cycle 
accompanied by switching over chambers 25 and 7 is. accomplished during 


24 hours of the dryer operation. 





‘SECRE: 


ee -/Chapter 11 


| Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 | 


CEPDE 





Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 





- 290 - 


Chapter 11 
RADAR HQUIPMENT TRAILER 


1. PURPOSE 


The SON-9 equipment trailer (Fig. 219) is designed for the accommodation 
of the equipment, instruments accessories and the operating personnel. It 
is a low-down four-wheel trailer consisting of a cabin and chassis with 
independent front and rear-wheel suspensions. 

The trailer is transported by a towing vehicle (truck ZIS-151) on main 
and earth roads at a speed of 45 and 25 km. per hour respectively. The 
turning radius of the truck and trailer taken from the treadmark of the 
trailer outside wheel is not less than 10m The tread of the front and rear 


wheels is 1980 mm, the wheel base is 3500 mm and the clearance is 330 mn. 


2, CHASSIS 


The trailer chassis consists of frame, front and a suspensions, 

a brake system, a G@rawbar and a turning gear. 
Hrame 

The frame (Fig. 220) consists of two side members 1, seven cross members 
2, two box-shaped bars 3, six side bars 4 and two Sige aiviecbare 5. The 
frame takes the load from the weight of the cabin and all the equipment. It 
also takes the toreucs of the torsion-bar suspension, braking and inertia 
forces during turning and movement of the trailer. 

Welded to the ends of the side members sue wheel suspension brackets 6. 
The side members and bars mount the trailer floor. On the left in the frame 
is located box 7. Bracket 8 which attaches the drawbar by means of a pivot 
is welded to the gucnioavves member of the frame, while pintle hook 9 to the 
rear One. | 

In four frame angles, where the box-shaped bars are fixed to the side 
bars are waded: passet plates 10 with holes for securing jacks. 

Construction of Front and Rear Suspensions 


Ta keen to a minimum dimension of the trailer in height, and to ensuvgranry: 


| Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 | 





Declassified in Part - Sanitized Copy Approved F Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


@* made of independent, torsion-bar, rigid front and rear suspensions with 


COL 
~ 291 + 


maximum clearance, better cross-country capacity and absorbing of shocks use 


double-rod system. 


The front wheel suspension (Fig. 221) consists of torsion bar 1, torsion 





cylinder 2 and arm 3 secured in bracket 4 which is welded to the frame side 
member. Arm 4 [presumably mistake for 3/ of the torsion bar is coupled with 
sts one end to steering knuckle 5 by means of a king pin, the other end is 
fitted on the splines of torsion cylinder 2 rotating in the bushings of frame 
bracket 4. The torsion cylinder houses torsion bar 1 with splined ends. 

One end is fixed in the torsion cylinder, the other in the sleeve welded to 
frame bracket 4. The torsion bar is provided with caps 6 ‘secured ¢ on both 
ends by bolts. The caps ensure that the torsion bar and cylinder are held 
in place while the rasan is in motion. 


Loads in the wheel suspension are transferred as follows:- torsion 


@ arm-cylinder, torsion bar-frame bracket. 





The construction of the rear suspension is similar to that of the front 
sacgeneon with the exception that the rear wheel axle is welded to the torsion 
arm. The torsion bars ang also similar in design, the difference being in 
the sicet iva of torsion indicated on the end face of each bar by means of an 
arrow, namely: front left and rear right, front right and rear left. Except 
for this the torsion bars are interchangeable. This is also the case with : 
the frame brackets. 

The torsion arms front and rear that are fixed to cylinder 2 are provided 
with splines Squai an size. The torsion cylinders are also interchangeable. 

Construction of Wheel Hubs and Brakes 

All the four trailer wheels carry hubs, brakes, brake drums and chambers 
for the front wheels of truck ZIS-150. The wheels are diso~type es with 
detachable rims with locking rings. The low-pressure tyres (balloons), size 

10.00 x 20", consist of a beadless twelve—ply Ley an inner tyre and a rim 
band. ; The maximum pressure in the wheel tyres is 5 ke/sq.cm. while the 


minimum one is 3.5 kg/sq.cm. ' he wheel brakes are pneumatic block brakes Crpper 
y 
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actuated from the truck. 


Wheel hubs. Brake supporting disc 29 (Fig. 222) on the front wheel 
© is attached to the flange of steering knuckle 12 (on the rear wheel ~ to the | 
flange of the steering arm)» The end of the steering epudels is hinged to | 
torsion arm 28 by means of king pin £2. The latter is fixed in the torsion 
arm by wedge pin 21. 
The steering knuckle bushings 18 are freely set on the king pin. The 
buchings are provided with oil grooves through which oil is delivered from the 
lubricators screwed in the knuckles. From top and bottom the knuckles are 
@ covered with cap 17 having gaskets. Hach cap is secured with two Selte. 
To minimize friction between the torsion arm and the knuckle lower 
projection the projection recess accommodates a medael bearing composed of two 
rings (23, 24)3 the lower ring, bronze~graphite, is tightly fitted in the 
knuckle projection recess and is turned together with it relative to the 
upper ring (23). The friction surfaces are lubricated with oil delivered 
from the oil groove of the knuckle lower bushing. To protect the bearing | 
from dirt and to retain grease, the bearing is provided with a gland (on the 
upper ring). 

@ For the elimination of the axial play of the steering knuckle on the 
king pin use is made of adjusting shims 20 fitted a the king pin between 
the torsion bar boss and the knuckle upper projection. 

Hub 5 of the front and rear wheels is set on the axle in two taper 
roller bearings 11 and 13. The bearings are adjusted by nut 10 retained by 


locking ring 9 and locking nut 8 with lock plate washer 7. The hub flange 





carries eight pins 3 which mount wheel disc 2. The pins of the left wheel 
are provided with left-hand thread, the right wheel with right-hand thread. 
Brake drum 1 is bolted on to the inside of the hub. 


® Note: The nuts of the screws securing the drum and the wheel locking 
pins are prevented from working loose by punching the threads. 


On the outside the hub is covered by a cap (on a cardboard gasket) 


and secured with bolts. 


Wie 
Note: In trailer of earlier design two holes fitted with threaded SECRE 
ao oie _ hinges 290 were nlaced in the can for fillings the hub with oil. 
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To ensure against penetration of oil from the hub to the brake, gland 


14 is provided clamped between the inner bearing and the flange of the steering 


@ knuckle. The gland consists of a felt ring enclosed between two stamped netal - 


holders and is kept from turning by a stand press~fitted into the gland ring 
which enters the opening of she eeeceane knuckle flange. 

Moreover, to protect the brake from pohetequecn of oil through the 
gland, oil separator 15 is secured to supporting foes 29. The oil removed 
from the rotating hub to the oil separator escapes outside through a hole 
between knuckle 12 and brake supporting disc 29. 

The wheel bearings are so adjusted that the wheel zotates freely without 
run-out and the hub axial play is not perceptible. 

To ensure proper "road-holding" by the trailer and to prolong the 
service life of the tyres the front wheels and the king pin are set relative 
to the trailer supporting surface at the following angles: 

- Wheel vertical axis inclination (camber) is cba 

- Front wheel toe-in is 0.5°. 

- King pin inclination is 8°, 

Deviations in setting the wheels and the king pin from the specified 
values of angles reduce the service life of the trailer chassis and decrease 
stability on the move. 

Brakes. The wheel brake mounted in drum 1 (Fig. 222) has two cast iron 


blocks 30 set on pins 42. Part of the pin which carries the block is 


‘ 


eccentric relative to & neck secured in bracket 43. Such a design permits, 
by turning the pins, to shift the blocks relative to the brake drum while 
adjusting the brake. The other ends of the blocks are pressed by a tension 
spring 31 to eXpansion cam 33. To the blocks are attached two straps 32 of 
asbestos material. | 

‘The cam shart is set in br racket 36, bolted to supporting disc 29. 
The prackets accommodate lubricators 35 to oil the expansion cam shaft. 
Between the shaft and bracket of the supporting disc washers are fitted on the 


shaft. The end of the splined cam shaft mounts arm 37 coupled by means of a 
CrRAPT 
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pin to the fork of the brake chamber rod 44. 
To adjust brakes, arm 37 accommodates worm 38 held in place by lock 455 
@ir- worm engaging worm gear 40 set on the splines of the expansion cam shaft. 
Turning the worm with a wrench by the square head causes turning of gear 40 
together with the shaft whose cam separates the blocks, thus decreasing the Zap. 
Brake System 

The brake system is used for braking the trailer seine transportation 

as well as for emergency braking if the trailer breaks loose from the truck. 
In this case the assembly automatically brakes the trailer until it stops 
@ completely. . 
The brake system of the equipment trailer operates in conjunction with 
the truck pneumatic brake assembly. 

The brake system includes: brake chambers (for each wheel), a compressed 
air storage tank, an air distributor, a shuteor? cock, a connecting head, air 
lines and fastenings. 

Prake chambers. The brake chambers of all the wheels are similar in 
design. Rubber diaphragm 2 is clamped by bolts between stamped body 1 (figs 
223) and cover 3 of the brake chamber. The diaphragm is pressed towards the 

& cover by springs 6 and 7 set between rod heel 4 and the chamber bodye Pork 
10 screwed on the rod end coming cut of the chamber is coupled to arm 11 fitted 
on the shaft 16 of the expansion cam. 

The threaded hole of the chamber cover receives pipe connection 5 of 
the flexible house to connect the chamber with the. air distributor. 

When brakes are applied the compressed air is admitted to the compartment 
between the chamber cover and the diaphragm and by deflecting the latter 
displaces the rod, thus turning ee of the brake Sanerieion arm. The rod 


end describes an arc, that is why it is fitted in the hole of the chamber body 





® with a sufficiently large clearance to ensure against binding. Fitted on the 
rod is washer 8 pressed to the body by spring 7. The washer protects the 
chamber from dirt. 


Displacement of the diaphragm during braking is determined by the value 


SEGREE /of the 
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of the clearance between the blocks dnd the brake drum and the wider the 
clearance the greater it will bee 
& Pins 9 serve to secure the brake chambers to the supporting discs. 
| The compressed air storage tank is a thick-walled reservoir of 35 Lit. 
capacity. To the front bottom of the tank is attached a hose running from 
the air distributor. To drain the accumulated water and to let out the 
compressed air a special cock is provided. 
The tank is secured to the left-hand side member of the chassis frame 
by two straps. | 
@ The air distributor (Fig. 224) consists ‘of pody 1 and two covers 2 and 
3 clamped by bolts. The air distributor accomaodates rod 4 with piston 5. 
The rod mourts inlet and outlet valves (6 and 7). 
Shut-off ccck and air lines. The shut-off cock is used for shutting 
thé brake system when it is disconnected from the truck. The air lines are 
metal tubes and high-pressure hoses. | 


Brake system functioning. Braking is done with the help of compressed 





air stored in the air tank. 
. The brake system is coupled through air brake connection & to the 
® truck air line (Pig. 225, a). 

The compressed air is forced hy the compressor through air main 12, 
shut-off cock 14 and metal tube 13 to the pipe connection in the cover of air 
distributor 9, filis up compartment A and while moving rod 4 upward, presses 
(shuts) inlet valve 6 to the seat, opens outlet valve 7, bends back the 
collars of piston 5, and then through ccmpartment B is admitted to the 
storage tank, thereby maintaining constant excess pressure. 

At this time chambers © and D and consequently brake chambers 1l are 
vented to the atmosphere and y therefore, have no influence whatever upon the 

© arms cf the expansion cams of the brakes (chamber 11) and the wheels rotate 
freely. j 


When the driver presses the brake pedal air main 12 (Fig. 225, b) of 


the trailer communicates with the atmosphere, the compressed air escapes from 


SFERET 
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compartment A, while the compressed air in tank 10 by acting on piston 5, 
moves rod 4 downward and simultaneously opens inlet valve 6, shuts outlet 

@ valve 7 and presses the collars of piston 5 to the walls of air distributor 
body 1. “3 

Thus the compressed air is admitted from tank 10 to compartment 3 and 
through inlet valve 6, compartment D and air lines enters the brake chambers 
(Fig. 203) where it acts on diaphragm 2, pushes rod fork 10 and through fie 
medium of arm 11 turns shaft 16 of the expansion cam taking apart the brake 
plocks and pressing them to the brake drum that rotates together with the 

@ wheels. This results in wheel braking. 

The brake pedal released, the air supplied by “the truck compressor 
enters compartment A again (because part of the air from the air tank is 
consumed and the pressure in compartment B is lower than that in compartment 
&) and moves the rod with the piston and valves upward (Fig. 225, c). In 

® this case valve 6 shuts, valve 7 opens, the piston collars are bent back and 
air is forced through compartment B to the air tank, thereby creating the 
normal working pressure. | 

When valve 6 disconnects compartment D een the air tank, then it is 

@ vented through outlet valve 7 and compartment C to the atmosphere. In this 
case the compressed air escapes from the brake ehanbers through compartments 
D and C to the atmosphere, the diaphragm of the brake chamber is returned to 


the initial position and turns the expansion cam shaft in the opposite direction; 





the brake blocks come together by the action of the springs and thus the wheels 












are unbraked. 
Drawbar and Turning Gear 
For towing ‘the trailer is provided with drawbar 4 (Fig. 226) swinging 
in a horizontal plane and rod 1 rocking in a vertical plane. 
@ One rod end that terminates in eye 2 is fitted during transportation 
on the truck towing hook. The other end is pivotally attached to drawbar 4 
which is also hinged in bracket 5 welded to the frame. Pins 6 of the front 


wheel turning bars are welded to the drawbar boss. Therefore the drawbar, 
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turning bars, steering kmickle arms and front wheel steering knuckles constitute 
an integral kinematic system. 

To ensure straight motion of the trailer when pulled back by the truck 
the drawbar is provided with lock 7 fitted in holder 8. 

To set the anette with the rod in the rest position the drawbar is 
furnished with eyes and pin 9. 

The turning bars of the trailer (Fig. 227) are of a rod type. One end 
of the bars terminates in a shackle to engage the drawbar pin, the other end 
4s screwed on end piece 11 secured by bolts 9. The cylindrical seats of the 
bar end pieces take ball pins 10 of the arms of steering knuckles 7. The pin 
head is held in ‘position by two steel slide blocks 4. The inner spherical 
surface of the blocks is eccentric relative to the outer cylindrical surface. 

The holes of the thicker parts of the block take the spring (3) ends 
brought together, the spring tending to straighten moves in the blocks between 
the pin head and the cylindrical surface of the end piece seat. In this see 
the ball pin axis is displaced perpendicular to the bar axis, which provides 
constant bar length at any wear of ball pin and slide blocks. Plug 2 with 
a cotter pin slot is screwed in the end pacer seat. 

When assembling the hinge the plug should be driven right home, then 
unscrewed 1/4 of 1/2 of a turn and cotter-pinned. Where the pin projects from 
the end piece washer 5 of the gland with a metal holder is installed. The 
washer grips the pin tightly and the spring (6) is sreesed through the holder 


to the bar end piece. The swivels are oiled through lubricator fitting 8. 


3. CABIN CONSTRUCTION 
The cabin consists of a frame welded to the chassis frame, inner and 
outer plating, doors, hatches and windows necessary during the operation of 
the station. | 
On oe inside the cabin is lined with plywood, on the outside with steel 
aheeta’> Placed between them are thermo~insulating mats made of glass fibre. 
The eiobe is made of boards yhiee are covered with linoleum. 


The Tent ~hand body wall iB “brovided with an entrance door, a window 
2 saci COMnry 
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and a ventilation hatch, the left-hand wall with a window, storage battery 
cabinet and openings for a stove pipe and air inflow to the stove and a 
é distribution supply board. 
The rear wall is provided with a two-leaf door with a level shelf for 
installation and checking of the equipment, while the front wall with a hatch 
‘for the air dryer. The leaves of the rear hatch are provided with cramps to 


facilitate climbing to the cabin top. 


4, HEATING SYSTEM 
When the station is operating the cabin is heated by an electric stove 
®@ and the equipment itself; if the station is inoperative, by a special wood- 
burning stove placed inside the cabin. 

The stove (Fig. 228) consists of fire box 1 with a hatch for loading 
fuel. The hatch is closed with door 2 with a latch and reflector 3. The 
bottom of the fire-box mounts grate 4 and body 5 of the air feed regulator in 

@ assembly with fire-box shell 6. The slots of the air feed regulator body 
accommodate the regulator throttle terminabing tn knob 7. To increase 
draught pull the throttle out and vice versa. 

The fire-box sheli 6 is mounted on a base 8 bolted on to the cabin 

@ floor. Placed between the base and the floor is a steel sheet. Partition 

| 9 divides the base into two parts: ash pit 10 (upper) and box 11 for drying 
and keeping wood. Air feed tube 13 is welded into the upper chamber of the 
base. Placed between fire-box 1 and shell 6 is thermoinsulating asbestos 
packing 14. 

From the fire-box the products of burning pass to air heater 15 leaving 
heat with ribbed pipe 16 of the air heater and by-passing damper 17 flow 
through exhaust pipe 19 covered with protective jacket 20 to stack 22 and 
through deflector 23 escape outside. . 

@& Damper 17 of the air heater pipe should be opened and shut according 
to inscription (OFF -- ON) at handle 18 held in the required position by a 


wing nut. 





The plywood cabin wall is separated from the stove by protective steel 
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plate 21 with asbestos packing. The set of stove accessories include a poker 
and a scoop kept in a wooden box. 
@ When the stove is not fired the ftinnel should be fastened on the cabin 


top, and air feed and smoke discharge vents tightly shut with covers 24, 25. 


5. VENTILATION SYSTEM 
To provide normal temperature conditions when the station is operating, @ 
the cabin is provided with a ventilation system consisting of a forcing fan 
and a Gatiieal draught fan. The forcing fan (with a motor rated at 75 W, 
. @ 220/127 V and 2800 r.p.m.) is mounted on the cabin front wall in the left-hand 
upper corner. The natural draught fan is located on the right-hand cabin wall. 
The shutter of the 26 vent can be opened manually when necessary. 
Fresh air drawn by the forcing fan passes through a strainer located 
in the space in front of the fan propeller and is admitted to the fan housing 
and through two vents, manually operated, to the cabin. In this case the 
§ heated air escapes through the natural draught fan. | 
If the cabin should be supplied with maximum amount of air open both 
vents of the forcing fan. When the forcing fan is inoperative air is admitted 
to the cabin through the natural draught fan vent. 
© 6. AUXILIARY EQUIPMENT 
The nee ay equipment includes: two swivel chairs placed inside the 
cabin in front of the main control board, folding desk, chair snd telephone 
desk at the left-hand cabin wall near the stove, a fire extinguisher s a case 
for teomnieel papers, a tool box, a can with rubber cement etc. 


7. JACKS 





Levelling of the trailer and unloading of the wheel suspension during 
the preparation for storage is carried out by means of four jacks which are 
located in the cabin. 

© Each jack (Fig. 229) consists of column 1 with supporting flange 2 by 
means of which the jack is installed on the cabin floor and through four 


openings is secured to the trailer frame. Fastened to the column by four 


bolts is body 3 provided with an inspection port covered with a cep. The 
ea ae a PRmrr 
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column accommodates tube 4 on which nut 17 of jack screw 5 is retained with 
the help of a nut and a key. | 

@ Tube 4 has a longitudinal guiding groove and terminates in supporting 
plate 6, which due to slipping in the round bar guide may rest on the inelined 
surface with its entire face. Tube 4 houses jack screw 5 which mounts larger 
bevel gear 7 meshed with smaller bevel gear 8 on the shank of wnoich handle 9 
is fitted. | | | 

When rotating the handle drive is transmitted through a pair of bevel 
gears (7 and 8) to the jack screw, which, while rotating in bearings, moves 

@ translationally tube 4 together with supporting plate 6. 

To prevent the tube from turning, the column mounts stop 10, which 
enters the tube: longitudinal grocve. In the travelling position and after 
levelling handle 9 is removed and placed between the column 1 and leaf spring 
ll. For rapid lifting or lowering of the supporting plate the jack is provided 

@ with idle running handle 12. In this case the jack screw is rotated by a 
pair of spur gears (13 and 14) positioned in cap 15. The jack rotating parts 
are mounted in ball bearings. 

The trailer levelling is checked by level 16 located on cap 15. 

@ When levelling the trailer wooden pads should be placed under the 
supporting plates of the jacks. | 
When the station is being prepared for transportation the supporting 
plates should be lifted as far as they will go. 
When checking the jack levels use is made of a horizontal plate placed 
on the floor at the trailer entrance door. 
8. LIGHTING AND SIGNALLING SYSTEM 
The cabin is lighted with four ceiling lights (Fig. 230) fed by a storage 
patteny or from a 6~-V circuit. The lights are changed over to the required 
@& supply by two-pole switch W35-5 (Power unit - storage battery). Hach seeing: 
light is seavtaea with its own switch (W35-1 to W35~4). 


The ceiling light supply circuit is provided with fuses (E35-1, B35-2) 





with link for 6 A (type PR-1). Door interlock ¥35-6 is designed to switch 
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off the cabin lighting when the door is opened (for blackout purposes). The 

_ interlock may be turned off by switch W35-7 situated near the Sean: The 

@ circuit includes a coupling socket, two leads to the instrument board lamps 
provided with switches and a lead to the desk of the head of the station. 
The cabin licence plate light and stop light (Pig. 231) are powered from 

the truck. The rear light circuit is coupled to the truck circuit by means 
of a connector. In addition to the electric lighting the cabin is provided 


with red reflectors (two reflectors on each cabin wall). 





.../Chapter 12 
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Chapter 12 
ECHO BOX 


1. PURPOSE. 


The echo box (Fig.232) is designed for checking the operation of the 
radio-frequency part cf the station and for its tuning. 

The echo box is used for: 

~ measuring frequencies of the transmitter magnetron oscillator and 
the receiver microwave heterodyne; 

~ relative checking of the transmitter cutput powe>3 

- analyzing the frequency spectrum of the radio-frequency pulse 
generated ty the magne trons | 

7 checking the cperation and tuning radio-frequency components of the 
station. 

The key diagram of the echo box is presented in Fig. 233. 

2. OPERATING PRINCIPLE AND CONSTRUCTION 
OF ECHO BOX 

The echo box is a combination of a resonant cavity and an indicator 
device (Fig.233). 

The resonant cavity is a steel eyrinden: 15 om. in diameter and 14 om. 
in length. 

In order to reduce losses the inner siceues of the cylinder is polished 
and silver-plated. Such a cavity circuit is similar in its electrical 
properties to an oscillatory circuit with lumped capacitarces and inductances 
which has a very high quality factor. 

The resonance frequency of the cavity circuit depends on vaetation of 
its volume. The volume of the echo box cyliadrical cavity is varied by 
a tuning plunger which is moved along the cylinder axis with the help of 
knob 5 (Fig.232). The plunger travel equals 40 mm. A 1.5-mm clearance 


is provided between the cylinder walls and the plunger. 
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When rotating Imob 5 of the eins box clockwise the cavity volume 
& increases and the paacnanes frequency of the Sane box decreases end vice 
versae A definite resonance frequency corresponds to each fixed position of 
the plunger, i.e. a definite cavity volume. The plunger position is 
indicated on scale 4. 
The travel of the cavity plunger within 25 mm covers the station 
operating frequency band 2700 to 2860 Mc/sec. 


\ 


The echo box cavity has high quality factor therefore its resonance 


od curve is rather sharp. This makes it wecaibie: by using resonance frequency 
versus plunger position calibration curve, to measure exactly the frequencies 
of the transmitter and microwave heterodyne and to determine the frequency 
spectrum of the ultra-high prsdisees pulses produced by the magnetron. 
The echo box antenna consists of a horn with a dipole. | The noramouth 
is hermetically sealed with a plastics cover. 
& Antenna 1 (Pig.234) us sscured to supporting tube—rod 2 with bracket 3. 
The tube-rod accommodates radio-frequency coaxial cable 4 which t 
terminates in a scupling leop entering the circuit cavity.’ 

: © The ultra-high frequency energy radiated by the station antenna induces 
E.M.F. din the echo bex antenna. This E.M.F. is conducted through the 
coaxial cable to the echo box cavity circuit with the aid of the coupling 
loop. 

When tuning the cavity to a frequency approximating that of the 


oscillations radiated by the station antenna, damped oscillations of the 





same frequency are excited in the echo box circuit, whose amplitude value 









is the greater the more accurate the cavity circuit is tuned to the | 
transmitter frequency. 

The echo box cylinder hole incorporates another coupling loop whose 
plane is crossed by magnetic lines of force of the radio~frequency 
electromagnet field. This field induces variable E.M.F. in the loop. In 


— ..-/turn this 
cl 
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turn this E.M.F. influences the echo box indicatar davies composed of a 
}@ crystal detector (Fig.233), capacitors C-1 and C-2 and microammeter Py-1 
which reads D.C. component of the detector rectified current. 
Connected in parallel with the microammeter by means of switch W-i is 
shunt R-1 reducing the instrument readings 10 times. 
The magnitude of current flowing through the indicator device is 
proportisnal to the vaiue of the radio-frequency variable B.M.F. induced 
in the echo box cavity circuit, which in turn depends upon the power of the 
@ transmitter pulses radiated by the station antenna. 
ie paneaeemsnen are always taken by the echo box in the same conditions 
the echo box indicator readings will characterize, in a certain extent, the 
station transmitter power. 
In this case it should be taken into acscunt that the microammeter 
readings are also dependent upon the quality of the eche box cavity and the 
& quality of the crystal used in the echo box indicator aevice: Therefore no 
final conclusions showld be drawn as to the transmitter power as measured by 
the echo box microammeter. 

@ The radio-frequency energy transmitted by the antenna induces radic— 
frequency oscillations in the tuned cavity of the echo box, their amplitude 
increasing during the action of the transmitter voltage pulses. 

Upon cessation of the transmitter pulse the oscillations in the echo 
box continue but gradually damp (Fig-235). This damping is caused by 


losses in the cavity circuit and in the resonator indicator device circuit. 





Besides, part of energy is radiated by the antenna back into space. 








This energy picked up by the station antenna converted and amplified in the 
reéeiver, is furnished to the range indicator. f 

The echo box radiates comparatively great power, therefore its signal is 
displayed on the range indicator as a wide aalee having a flat top, due to 


the receiver saturation. 
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The time interval between the beginning of the transmitter pulse and a 
spot where the amplitude of the pulse radiated by the echo box and farntened 
to the station receiver input fades into the background noise (on the range 
indicator) is termed oscillation or aang time (Pig.236). 

- The ringing time may be determined by measuring on the station range 
indicator the range to the spot in which the echo box signal disappesrs in 
the noise (Fig.237). 

The accuracy of tuning of the station radio-frequency component may 
be judged by the ringing time. 


With the optimum tuning of all the siation radio-frequency components 


‘the ringing time is maximum. 


When using the echo box take into account that the ringing value may 
prove low due to some other factors which are not connected with the operation 
and tuning of the station radio-frequency components. 

These factors nay Theis deterioration of the echo box cavity quality 
with time or as a result of considerable temperature rise ace station 
cabin, inaccurate aiming of the station antenna at the echo box antenna, 
improper contact in the echo box junction cable connestors, etc. 

The resonant—cavity circuit and the indicator device are mounted on a 
rigid steel plate. The echo box is secured to the left-hand cabin wall 
near the transmitter: 

The echo box cable is brought out through an opening in the cabin wall. 
It terminates in a connector to which is coupled connector 5 (Fig. 234) of the 
echo box antsnna cable. 

Located beside the echo box on the cabin is a calibration curve which 
is used to determine the resonant frequency of the cavity circuit depending 
upon the plunger position in the cylinder. 


The block diagram of the echo bex operation is shown in Fig.239. 
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OFF; set switch INTERLOGCING (12-2) located on the front panel of the 
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Text of a Manual: "Gun-hLayiag Radar SON-9" 


te eee an a ee a EE a re ee fete ages i eM 


PART? I 


tH 


GE PERATION OF THE 8 ON-9 STATION 


£ 
— — —_— 


WARNING 

1. Be careful when inspecting, tuning and repairing live units as in 
gome cases even 110, 220-V circuits may prove dangerous to life. All 
operations in cnergised units must be done with your right hands; the left 
hand must be kept behind the back. 

2. Exercise special care when inspecting the transmitter system, power 
pack of the range measuring and plan—position indicator systems as they are 
under 5002 7003 14003 17003; 40003 5000 and 25,0C0 volts. Alterations 
of any kind in the interlocking system when inspecting these units under high 
tension are strictly forbidden. ) 

3. When replacing the tube of the plan—positicn indicator put on goggles 
to protect your eyes jn case it bursts. - 

4. Before switching on the station make sure that there are no exposed 

ee “AS : : ‘ 
current—condusting elements. 

‘5. De not reviace blown fuses by those rated for heavier currents. When 
replacing fuses use the tongs located on the inside of the control panel 
door. | 

6. When operating the antenna pedestal switch off the selsyn, for which 


purpese set switch SELSYNS (W12-4) situated on. the control panel in position 


antenna control unit in positicn OFF. 50X1-HUM 


7. The repair of any station elements if they are switched Of 19) seeeseacmmny 
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8. When using extension cables switch on the inde enly after making 
sure that there are no short circuits between the energised aaarand the 
chassis. | 

9. Do not remove or insert live wits. 

10. Before switching on the station check for proper setting of knobs 
and switches on the ents 

11. When switching on or off the station follow the sequence described 
in Part II, Chanter 2. 

12. hen turming the antenna menualiy take it by the reflestor frame. 
Do not turn the antenna by holding on to the reflector as this may damage 
the paraboloid. 

13. When dstne maintenance work uge standard tools only. Be careful, 
when working in the magnetron compartment with steel tocls, not to knock the 
poles of the magnet as this may cause deterioration of its magnetic 
propertics. 

14..When heating the stove do not leave it without speurielons 

15. Before switching on the station from the power unit or in other 
cases mentioned in Chapter I check for correct phase sequence of the 220-V 
line. 


16. Do not stand in front of the power unit when a4 ts loaded on or 
unloaded ron the truck. Before letting the power unit down off the tpueie: 
along the ramps, check whether the winch handle is braked ae make sure 
that the remp hocks are in their seats. 


17. When preparing the antenna pedestal for operation see that its. 


fastening bracket is laid horizontally on the cabin in the travelling 


‘position, otherwise the feeder line may be damaged. 


18. The supply switch located on the front panel of the automatic air 


dryer (dehydrator) must always be set in position IN. Switch on or off the 


’ 
‘ 


sECRET [1 Reo HM 


dryer by means of switch DEHYDRATOR (Wi3-6) situated on the control panel. 
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19. Knob GAIN (R1~44) located on the front panel of the automatic 
@ tracking channel. amplifier unit must always be set in the extreme right | 

position (maximum gain). When controlling the receiver gain while the 
station ig operating use knob CAIN (R7~39) situated on the front panel of 
the automatic renge finider unit. 

Notes Use knob GAIN (R1~44) only when tuning the receiver systen 

as instructed under Part IT, Chapter 10. 
20. To not rotate the range handwheel of the rangs mechanism in the 


same direction after locking the meshanism in thé extreme positions. 


Reread ae ee eee Se ree 
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SELECTION OF STUB, SITING AND PACKING 


ae A ONT Or ke 


OF STATION 


{. SELECTION OF SITE 


The selection cf an operating site fon ean eyine radar SON~9 should 
meet the tactical and technical requirements for the location of the anti- 
aircraft battery and is carried out according to the instruction re the 
combat employment of the gun-laying radar SON-9. 

To obtain the maximum target detection range and to minimize errors in 
determining elevation (height), the operating site should meet the following 
basic requirements: ' 

— the angle of clearance in the assigned sector cr during circular 
scanning should not be more than O = 503 

~ seauuy ieancniaetcn ox communication lines, high buildings, masts and 
other sinilar structures must be avoided around the station at a distance of 
up to 200 to 300 nm. 

To position the trailer, flat ground 5x6 m. with an inolination of not 
more than 10° is necessary. 

Besides, land marks (not closer than 2000 m.), suitable for the 
orientation of the station and battery are necessary. It is desirable 
that at least one of these landmarks should produce a steady echo signal on 
the station indicator screens for shading orientation at night and when 
visibility is poor. 

The station should be located not cleser than 50 m. from the guns and 
net greater than 100 m. from the director. The power unit should be placed 
approximately 50 m. from the station trailer. For supplying purposes the 
power unit may be set in a trench (a dugout) or may remain on the truck. 

The power cable and scisyn drive cable are laid in open channels on 
spacers. 


«»-/For the 


SEGRET 
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ie For the purposes of concealment and camouflage the station js placed in 
@ a trench. The trench depth should not exceed the height of the radar 

(up +o the cabin roof). Engineering preparation of the site should be 
carried out according to the “Manual of concealment and camcuflage of redar 
stations". 


The typical siting of the SON-9 station on an anti-airerart battery 


- position is shown in Fig.2q40. 
2, SITING STATION AND PREPARATION FOR SWITCHING IT ON 


Oseupving 2 Pesition and Siting Stats ion 


sail emerge Talia Ama 


When oscupying a position and siting the stevion, proceed as follcws: 
4, Discormec’t the lighting cable and the trailer brake hose from the 
truck end then Gigengage the truck and the trailer. 


Take four wooden pads from the truck body and place them under the 


After the brake hose hes been disconnected the trailer is automatically 
braked. if it is necessary to release brakes allow the compressed air to 
escape from the air storage tank through the cutlet valve. After that shut 


the e@ock, 


i 


= . 2. Lay the gseleyn drive cable to the anti-aliroratt fire director and 
the power cable to the power unit locatica. Attach the cabkes to the 


corresponding connectors of the station external boaxds aad power unit 





(Figs 202 and 241). - \ 
Note: Turing transpertation the cabies should be wound on the 


drums located under the truck bedy. The right-hand drum 


ayn drive and extemal supply cables. 


oF 





3. Drive the o1 he place where the power unit is to be unloaded. 
@ 4. Using a hand winch Lower the power unit to the ground aiong the 


ramps which in travelling pesition ars fastened under the trailer body. 


Then counect the power cable. 


a 


»o-/otes Before 


SEGRET | - | 
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Note: Before letting down the power unit check 


hocks are in their seats. 
PANTS. 


5, Remove the protective tarpaulin saem the cabin 
6. Woen cporating in winter set and fix the smoke 


i 4 


travelling position, is secured on the cabin top, open 
airfeed vent, and then light the stove. 

Remove the covers from the main control board, 
the automatic dryer. 
8. Remove the a 
operation. 

9. Install the antenna head. 
10. Install the echo box antenna and comect it as 
Part II, Che. ection 5. 
jacks and level 
earthing rod in th 


terminel EARTH on the external board. 


gana Pedest. 





To prepare the entenna pedestal for cpexation, the 


4. Two members of the station should 


whether 


Place a spacer between the 


enna dome and Peeears the antenna pedestal for 


the 


winch handle is locked and makes sure that the ramp 


COD. 
stack which while in 


the smoke damper and 


the transmitter and 





instructed wader. 


the cabin and the antenna pedestal. 


e ground and connect the earthing 


operation in summer time) 


al for Operation 
aaa naa a Ch CE 


following should 


climb on to the roof of the 


trailer, stand oa both sides of the dome aleng the division line and 


Ciasps ° 


Holding the right tal? of the dome by the 


the same with the left heif. 
3. Th 


and optical sight. 


SECREI 





bindles reviovéit from the antenna and place car afully oa the ground, 


horivental and vertical 


De 


1e canvas cover should be removed from the parabclic reflector 


° wafde The 
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4. The fastening upright which holds the paraboloid in the travelling 
@ position should be disconnected from it. Put the upright on the roof, 


otherwise it may damage the feeder line. 


5. The reflector should be set vertically by holding it by the frame. 


Antenna Head Setting 





To set the antenna head, proceed as follows: 
1. Uuscrew the nut and take one of the two heads out of the holder 
Located on the left-hand wall inside the cabin. Be careful when handling 
he antermma head not to damage it. 
| = 2, Carefully inspect the feeder and po.ystyrene cap of the antenna 
head. Chsek for evidence of dents and burning of the feeder end face and 
crack on the cap. Check for strength and correct fastening of the clip . 
(the marks on the clip and antenna feeder should be matched) « Check for 
e presence of brass and‘ rubbet packing rings on the antenna head feeder. 
3, Unscrew the protective cap on the end of the head. 
4e Insert the entsnna head so that the projection on the antenna head 
feeder clip closely entsrs the corresponding slot in the reference voltage 
gonerator sleeve. Tighten the nut of the antenna head with a wrench 
& holding the siceve with ancther one (Pigs242) so that the marks on the nut 
end face and ths antenna feeder aré datansds 
When setting the antenna head it is essential to use special wrenches 
kept in the antenna head holder. 
Notes: 1. If the antenna head is inserted aud fixed incorrectly 
! 


the automatic tracking system will not operate. 


2. To ensure that the protective cap removed from the 


rotating feeder end is not lost, screw it on the free 
@ - bushing of the head holder after removal of tae 


antenna head. 


..-/Levelling of 
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Levelling of Station 

The stat ‘ion should te levelled by the lower levels lovated on the 
antenna pedestal base (Wig. 243). The readings cf these levels should be 
pericdically checked against the reference level located on the antenna 
pedestal bracket. 

Before checking the lower levels verify the reference level. For this 
purpose set the antenna along the longitudinal exis of the station trailer 
and by means of jacks get the latter in a position where the air bubble of 
the level is in the centre cf the glass between the reference notches. Then 
turn the antenna through 480° in azimvth and mark the position of the air 
bubbic. if it remains between the notches the level is set correctly. If 
the bubble moves in relation to the reference notches the level setting is 
inaccurate. 

For correct setting of the level, half of the value, by which the air 
tubble is Gisplaced, is taken up by the Sanit and the other half by changing 
the position of the level with the help of the level setting scrow. This 
operatioa should be dene several times until the level bubble, when the 
antenna is turned 14 180° from the selected initial position, is between the 
reference notones. 

‘Having ascertained that the upper reference level is set correctly 
the station may be levelled against it. 

hfter the antenna pedestal has been levelled by the upper reference 


level it is necessary to check the position of the lower level and if it is 


> 


found that the bubbles of these levels are off the glass centres, they 
should be set in correct position by means of regulating screws. 
Thea until the position is changed the station may be levelled hy 


the lower reference ievels. 


Chotking the Phase Sequonce- 


1 


The phase sequence should be checked when switching on the stati 


le 


on 
initially after its delivery to a sub-unit, when changing the power unit, 


SF CET .../When connecting 
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when connecting the station to an extemal supply, replacing the power cable 
@ or after repairing the station, the power unit, or the power cable. 
Incorrect phase sequence reverses the direction of rotation of all ths 
three-phase motors, which may result in damage to the station. 

To check for proper phase sequence of the station, proceed as foliows: 

1. Start the power unit and apply a voltage of 220 V to the station, 
setting the vcliage value by the voltmeter situated on the power unit board. 

2. Switch on the 220-V line by pressing button LINE, 50 cep-se, on the 
station contxol cabinet. | 


Turn on.the reference voltage generator switch situated on the control 


Ld 
@ 





nN 


panel for « ghor# peeiod. With the correct phase sequence of the 220-V 


line the reference voltage generator (i32-7) must rotate clockwise as 


i 


@ 


viewed from behind the reflector. If the direction of rotation is the 
other way the station phasing should be changsdou the power unit, as foliowss 
@ - stop the engine of the power unit; 
~ remove the cap from the feeder panel of the power unit (Fig.241 )3 
- reconnec’ on terminals 14 and 15 two ends of the cable running through 


’ 


the lower right-hand opening, to the power unit conixol panels 


e phasing of the station once more. 


Prepavation of Aaterna-Feeder Systom for Operation 





After each siting of the radar station and after intervals in its 


operation exceeding 6 - 10 hours the antenna-feedter system should be blown 
\ : ' 


OWS 8 


t-! 


through. For this purpese proceed as fol 
| 1. Turn on the main lins switch in the control cabinet by pressing 
button LINZ, 50 copes. 

& 2, Switch cn the automatic air dryer by plucing switch TREYDRATOR 
situated on the contrcl pansl in position ON {the supply switch on the dryer 
penel should always be in position ON). Set adjusting knob PRESSURE in 

SECRET 
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@ position at which the pressure gauge will read 0.4 kg/sqo One Tam knob 
' 6 DEW POINT te its extreme counter-clockwise position. If the cabin air 
deussenee exceeds the normal (420° C) turn the knob clockwise as far as it 
will go. 
3. Unscrew the cap on the end of the antenna head. 
4. Blow out the antenna-feeder system for 5 min. in dry weather and for 
19 to 15 min. in cold or damp weather. After thet screw the removed caps 
on the antenna head and the azimuth slow rotating joint again. 
Thess operations are done before switching on H.T. to the transmitter. 
@ 5. Switch off the automatic air dryer by placing ro tary switch 
DEEYDRATOR in position OFF. 


6. Switeh cff LIVE, 50 cops, 


Preparat tion cf Station for Operation 





ju Conjunction with the PUAZO-6 

To ensure the sueratiod: of the station in ecnjunction with the PUAZ0-6, 
connect tachogeneratcr GT-i to the azimuth drive (the elevation tachogenerator 
is comected at the Menufacturing plant). In doing this, procsed as follows: 

1. Remceve the coupling cross—piece after having vascrewed the bolt with 
@ . a washer securing the coupling to the base. 

2. Unssrew two boits holding the tachogenerator in place and slide it 
out of the housing by the emount required to fit the coupling cross—piece. 

3. insert the cross—piece projection in the tachogenerator coupling 
recess aligning them along the diameter. 

4. Slide the tachogenerator back into the housing far enough and in 


such a way that the projection of the coupling fitted on the shaft of the 





tachogenerator is aligued with the recess of the coupling on the azimuth 
} drive shaft (ceep all the washers between the faces). Then fix the 


tachogenerator in the housing by means of two bolts and clamping lugs. 


coe / Supply from 
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Supply from External Power Source 


& If conditions permit the SON-9 station should be fed from an external 
power cource of three-phase current, 50 cepese, with a line voltage of 220 V; 


which makes it possible to extend the service life of the power tnit and to 


To conmneat the station to an external power source proceed as follows: 
j. Run a special cable to the 220-V external power source. 
2. Remove the cover from the power unit feeder board. Pass ene end 
of the supply cable through the lower left-hand cspening inside the feeder 
& ‘board and attach i$ to teyminals L1, L2, L3 (Pig.241, a). The other end 
should be connected to the external power source. 


RATOR — LINE situated on the feeder board of the 





4. Set switch SUEPLY on the power unit control panel in position ON. 
5. Check for proper phase sequence, a3 indicated above. 

6. Place the cover of the ponies board in position. 

7. Switch on the gensrator, 427 o-p-8., 110 V. 


Further procedure should be carried cut as usual. 


@& 30 PACKING OF STATION 


“To put the etation in a pesition to move proceed as fcliows: 

+. Switch off the station, the power unit and stcp the eugine. 

2. Remove the antenna head, corew the pratective cap on the gitiobee 
the feeder line and fix the antenna head in the holder inside the vabin. 

3, Set the antenna manually in travelling position. Secure the 
paraboloid by ths bracket. 

4. Put the canvas covers cn the parabolis reflector and the sight. 

& 5. Cover the antenna with two haives cf the dome, connect and faston 

them and ses that the dome halves are set on fixing pins of the ring located 


on the roof. 
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CURE 


6, Remove the esho tox antenva and fix it on the main control board. 





@& The connector to whi. ch the echo box antenna has been attached should be 
covered with a protective cap. Put the covers on the main control pean; 
transmitier and automatic air dryex. 

7o Lift the jacks, fix the handles in travelling position and place 
the wooden patis on the roof. 

. 8. In winter time remove the emoke stack and place it inside the truck. 

lose steve openings. . Clean the ash pan and shut al. the doors and the 
stove smoke dampers. 

© 9« Remove the eart ing rod and fix it on the right-hand wall inside the 
trailer. 

10. Prepare the equipment and aasenegides for the travelling position, 
check for reliable fastening of the voltmeter, telephone hand sets, chairs, 
shut the window shuttsrs and cabin doers. 

11. Disconnect the cables running to the station, wipe them clean and 
wind them on the druus mounted under the truck body. After the cables have 
been wound on, rix the connectors with straps and bolt the ATUWS 6 The 
connectors on thse cables, external boards of the station and on the power 
unit should be covered with pEOregiaNe caps 


eo 2 


3. Gover the 


Shut and fix the covers of ge station external boards. 


4. 


trailer roof with a canvas cover. 


ss 


1A Set the powsr unit in travelling position. 

15> Prepare the truck for loading the power unit. Pull up and secure 
the unite The ramps should be placed and secured under the truck pody» 

16. Hinge the station to the truck and connect the lighting cable and 


brake hose. 


@ Saeco 
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Chapter 2 
@ SWITCHING STATION ON AND OFF 


1. CHECKING PRIOR TO SWITCHING ON STATION 


After the station has been deployed and before switching it on 
inspection should be made of the station and setting of switches and control 


knobs. 


Inspection 
When inspecting the station, proceed as follows: 
1, Make sure that all units of the main control board and transmitter 
@ are tightly held in piace by screws. 
2. Check that there are fuses in the control cabinet, control panel, 
transmitter and the main control board wnits. 
3. Make sure that the doors of the various transmitter compartments 
@ are tightly shut. 
4. Make sure, that the antenna pedestal is prepared for operation 


(See Part II, Chapter 1, Section 2). 


Majin Settings of Switches and Control Knobs 

In ell cases, irrespective of whether the station has been operating 

= or is being 8s up again it is necessary to ensure the correct settings of 
the switches and centrol knobs before switching it on. 

Check and, if necessary, set knobs FEEDBACK on the azimuth and elevation 
tracking unit.and knob AMPLIFICATION on the automatic tracking unit in the 
position specified in the station log. 

The main settings should be as follows: 

On control cabine ts 

Switches MATN CONTROL EOsRD HEATING, VENTILATION placed in position OFT. 

Switch LIGHTTNG piaced in position OFF. 

On control panels 


Switches REFERENCE VOLTAGE GENERATOR, AA DIRECTOR, SELSYNS, DEHYDRATOR 
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| | . si 
placed in position OFF. 
 @ Selector ewitch CONTROL placed in position STATION. 


Om mMa-dm @.:08 4 pel 80a rid. ea tet 
Switches PIATE and HEATER of the automatic tracking and range channel 
amplifiers placed in the lower position (OFF). 
Switches ERICHINESS on the range indicator and range mechanism «nits 
placed in the Lower position (OFF). _ 
Selector switches CHECK ~ OPERATION on the range indicator and range 
mechanism units placed in position OPERATION, 
@ Range tracking switch AUTOMATIC - MANUAL on the range mechanism unit 
placed in position MANUAL. 

Switen con the power pack cf the range measuring and plan~position 
indicator units placed it position OFF; switches "490 V" and "5 kv" in the 
lower position (OFF). 

Automatic tracking unit switch placed in the Lower position (OFF). 

Knoos BRIGHTNESS and SCALE ILLUMINATION on the plan—position indicator 
unit Sapaed in the extreme counterclockwise position. | 

Knob BRICHTTESS on the range indicator unit turned in the extreme 
counter—clockwise position. 

pwitch INTERLOGZING on the antenna control unit in position OFF. 

Selector switch MODE OF OPERATION con the antenna control unit piaced 
in position AUTOMATIC. 

Selector’ ewitch SCAN SELECTION on the antenna control unit placed in 
position CIRCULAR. . 

Selestor switch ELEVATION COVERAGE on the antenna control eke placed 
in position OFF. 1 
Ea Knobs AMPLIFICANION in amplifier units of the automatic tracking 

channel and automatic range finder placed in extreme right position (maximum 
amplification). a 
| o»-/On transmitter 
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On tr ansmitter cabinets 

Tae switch on the fetus control panel in position OFF. 

High voltage regulation handwheel LOWER ~ HICHER turned to the extreme 
counterclockwise position. 

Switches BEATER and PLATE on the I.F. preamplifier unit placed in the 
lower position (OFF). 

Selector switch CRYSTAL CURRENTS placed in position SIGNAL, selector 
ewitch MANUAL — AFC in position MANUAL. 

Instrument switch VOLTAGE CHECK placed in position "~200". 

On lighting board 

Selector switch POWER UNIT 2 STORAGE BATTERY placed in position POWER 
UNIT. 

Four ceiling light switches placed in the lower position (OFF), the 
table lamp switch in position OFT. 

On receiving selsyn uni vs 

Selector switch GUN-LAYING RADAR-—WARNING STATION saga in position 
GUN-LAYING RADAR. 

Switch PRIGHTWESS and selsyn switches placed in the lower position 
(OFF). 

On front panel of a a + Oo 9a. Vase. 42 Te a Saye Fs 

_— Suppiy switch placed in position ON, 
~ Knob PRESSURE sumed to the extreme lezt position. 


~ Knob DEW POINT turned to the extreme right position. 
2. SWITCHING STATION Ci) AND OFF 


The station should be switched on or off in a definite sequence. 
Failure to observe the prescribed order may cause serious troubles and in 
some cases, faiJure # the station. The switching sequence presented in 


this chapter is fundamental. 


..-/Switching On 
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Switching On the Station 
@ To switch on the station, proceed as follows; 
| 1. Start the power unit and supply voltage to the station. The 
lamps lighting the control cabinet instruments will go on. 
| 2. Set the ceiling light switches on the lighting board in the upper 
position (ON); the ceiling lights will go on. 
3. Turn on the line dgavenga on the control cabinet by pressing 
buttons ON, LINE, 50 c.p.s. and LINE, 427 c.ps. | 
— The voltmeters in the contrel cabinet should read: 

& VOLTAGE, 50 copeSe ~ 220 V and VOLTAGH, 427 c.p.s.» ~— 110 V. If the 
voltmeter readings do not correspond to the rated values (220 V, 110 V) it 
is’ necessary to send a signal (according to the code table on the control 
cabinet) to the mechanic by pressing button SIGNAL in order to set normal 
voltage on the sows unit. 

- 300 V D.C. will be applied to the field windings of the drive motors 
located in the antenna pedestal. 
~ Hum should be heard from the operating fan of the main sontrol board. 
4. Switch on the automatic air dryer by setting switch DEHYDRATOR 
situated on the Saleead panel in position ON. Place knob PRESSURE on the 
dryer panel in a position at which the pressure gaugs will read 0.4 ke/sq.om. 
(the cap should be screwed on the antenna head end). 
| | Note: In case of initial switching or intervals in operation 
exceeding 8 to 10 hours, unscrew the cap from the end 
of the antenna head and blow out the feeder line with 
dry air for 5 to 10 minutes. Then install the cap in 
place. 
& , 5. Switch on the transmitter by placing the switch situated on the 
transmitter control pan:l in position ON. As a result the motors of the 
transmitter fans are switched on and pilot lamp MAGNETRON HEATER comes 


ace OF indicating 
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on indicating that heater voltage is applied to all the transmitter valves. 
} The instrument lighting lamps on the transmitter control panel will come on 
as well. ‘he pointer of instrument VOLTAGE CHECK with the gaivela switch 
in position -2090 Moat sitive between the red notches. In 45 seconds 
pilot lamp TIME RELAY comes one 
6. Set switch ERATER located on the I.F. preamplifier unit in the upper 
position (ON), pilot lemp +150 V coming on. Place switch HEATER on the 
amplifier unit of the automatic tracking channel in the upper position (ON). 
set switeh HEATER on the range channel amplifier wit in the upper position 
& (ON), pilot lamp -105 V lighting up in some seconds. 
7. Place the switch on the power pack of the range measuring and 
plan~position indicator wait in position ON, the pilct lamp will light up 
in this case. Further switching on of the wit can follow after 40 seconds. 
8. Set the supply switch in the automatic tracking unit in position ON. 
The pilot lamp comes cn aad in 10 to 15 seconds the instrument located on 
the front panel shovld read 13 - 19 mA. 
Ge Paes switches PLATE on the automatic tracking channel and range 
channel emplifier units in the wpper position {oNn). Pilot lamps +120 V 
and +300 V will come on as a result. 

10. Shift switch 490 V on the power pack of the range measuring sea 
pian—position indicator system to the upper position (Ol). In this case 
the unit instrument should read 270 V. The given vcltage value is set by 
STABILIZED VOLTAGE control brought out to the front panel of the unit. 

4. Turn knobs BRIGHTNESS on the range indicator unit clockwise; a 
circular sweep will appear on the screens. . 

12. Set switch 5 kV located on the power pack of the range measuring 
@ _ and plan—positicn indicator system to the on position. If knob BRIGHTNESS 


is turned a bit to the right the indicator screen displays a radial sweep. 
eo éfi 3s Set 
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13. Set switch SHLSYNS on the control panel to position ON; “the Lighting 
Se lamps wil] illuminate the scales of the antenna position indicators in the 
automatic tracking unit. 
14. Switch on thé ezimuth and elevation amplidynes alternately with a 
3-4 sec. delay by pressing the corresponding start buttons on the control 
‘Sania 
15. Set switch INTERLOCKING on the antenna control unit in position ON. 
146. Set selector switch MODE OF OPERATION on the antenna control unit to 
position MAMTAL. Check the field currents by instruments FIELD CURRENT 
& located on the panel of the azimuth and elevation tracking unit. The 
instrument readings should be within 23 to 27 mA. 

17. Ses the selsyn switches and switch BRIGHTNESS on the receiving 
selsyn unit in the upper position (ON). 

18. Set switches BRIGHTNESS Tecates on the range indicator unit and the 
range mechanism unit in the upper position (ON). 

19. Press button ON, BIAS AND SCREEW on the transmitter control panei, 
the corresponding pilot lamp will come cm as a result. The pointer cf 
instrument VOLTAGE CHECK with the selector switch in positions "+400", 
"+800" and "~1400" should settle between the red notches on the instrument 
SCaAlc. 

20. Press button HIGH VOLTAGE ON, located on the transmitter control 
panel. In this cases 


~ the pilct lamp lights up; 





~ kilovoltmeter HIGH VOLTACE senile O — 2 kV3 
- the pointer of dustncmant VOLTAGE CHECK with the selector switch in 
position +4000" setiies between the red nctches. 
® 21. Set switch PLATE on the LP. preamplifier unit in the upper position 
(ON). The pilot lamp +250 V lights up and indicates that rectifier vol tage 


is evailable.. The readings of instrument CRYSTAL CURRENTS should be 
ee ee ‘ 
c rm Ec eoe/within 0.2 
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within 0.2 to 0.6 mA with the instrument switch iu position SIGNAL and AFC, 
& which indicates that the oscillator functions normally. 
(22, Tarn high voltage adjustment handwheei LOWER - HIGHER clockwise and 
bring the voltage te 21 to 23 kV. In this case ijaewnens MAGNETRON 
CURRENT should read 27 to 23 mA. 

23. Shift switch MANUAL, AFC located on™ the Tis pecemyl ities unit to 
position AFC; a signal produced by the transmitter gigeat pulse will be 
displayed on the rango indicators. 

24. Ses the reference voltage genorator switch in position ON. In this 
® case the antenna head must ‘rotate clockwise es viewed from behind the 
reflector. 

25«-Check the station supply voltage as measured by the voltmeters on 
the control cabinet. Voltmeter VOLTAGE 50 cep.se should read 220 = 3 V. 
Voltmeter VOLTAGE 427 cepes» should read 170 +205 V. . If the instruments 
read otherwise bring the voltage to normal having first reduced the high 
voltage by ¢ or 3 kV. Inerease the high voltage to 21 - 23 kV again, the 
magnetron current should be within 21 - 23 mA. 
Notes The wain control beard heater or cabin fan is switched on 
adsponding wpon the sea son of the year and temperature 
conditicns. For this purpose set corresponding switches 


situated cn the control cabinet in position CN. 


Suitahing Off the Station 
The station shovld be switched off observing the following sequence of 
operations: 
4. Shift switch INTERLOGCING cn the antenna control unit to position 
OFF. In this case the readings of the instruments on the azimuth and 
& elevation tracking unit will drop to zero. 


2. Set selector switch MODE OF OPERATION on the antenna control unit 





to position AUTOMATIC. “ 
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3. ‘Set selector switch SCAN SELECTION on the antenna control unit to 
e& ~ position CIRCULAR, if the station before switching off has been operating 
with sector scaitieas Set selector switch ELEVATION COVERAGE on the antenna 
control unit in position OFF if the station, before switching on, has 
operated with elevation soanenia, 
4. Turn high voltage handwheel LOWER - HIGHER on the transmitter control 
nanel toward LOWER as far as it will BO | 
5. Set selector switch MANUAL ~ AFC on the I.F. preamplifier unit in 
position MANUAL. . | 
& 6. Press button HIGH VOLTAGE, OFF on the transmitter control panel. 
In this case the pilot lamp goes out, which indicates that the voltage 
is switched off. . 
7. Press button OFF, BIAS AND SUREEN on the transmitter control . In 
| this case the pilot lamp goes out, which indicates that the voltage is 
e switched off. 
8. Set the switch on the transmitter control panel in position OFF. As 
a result pilot iamps MAGNETRON HEATER and TIME RELAY will go out and the 
transmitter fans stop Fama: 
® 9. Set switches PLATE and HEATER on the I.F. preamplifier unit in the 
lower position; tke pilot lamps on the iat will go out. 
10. Set switches 5 kV, 490 V and the supply switch of the power pack 
of the range measuring and plan-position indicator unit in position OFF. 
The pilot lamp will go out. 
11. Set the supply switch on the automatic tracking unit in position 
OFF. The pilot lamp on the mit will go out. 
12. Shift selector switch AUTOMATIC — MANUAL on the range mechanism urit 
@ to position MANUAL if automatic target tracking in range took mies before 


the station is switched on. 


eoe/13- Shift 
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13. Shift switches PLATE and HEATER on the amplifier units of the range 
@ channel and automatic tracking channel, in succession to the lower position. 
The pilot lamps on these units will go oute 
44. Set switches PRIGHTNESS on the range indicator and range mechanism 


units in the lower position (OFF). 








15. Set knobs INTENSITY on the ies and plan-position indicaters to 
the extreme left pesition. 
16. Check to see that switches CHECK - OPERATION on the range mechanism 
and range indisater units are in pcsition OPERATION. 
@ 17. Switch off the azimuth and elevation amplidynes by pressing buttons 


STOP, AZIMUTH AMPLIDYNE, ELEVATION AMPLIOYNE on the control panel. 





BA % 13. Set switches DEHYDRATOR, REFERENCE VOLTAGE GENERATOR, SELSYNS, 
7 AA DIRECTOR cx the cortrcl panel in position OFF. The scale lighting 
lamps of the antenna position indicators will go out ana the air dryer will 
®& 
stop operating. 
19. Set switches VENTILATION and Main CONTROL, BOARD miieine on the 
control cabinet In position OFF. | 
20. Press button OFF, LINE, 50 cepes., and LINE, 427 c.p.s., on the 
@ control cabinet. In this case the main control board fan will stop humming. 


21. Send a signal to the mechanic to turn off the power unit. 
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CHECKING THE OPERATION OF UNITS AND ADJUSTMENTS 


REQUIRED 
The present chapter cutlines cheeks and adjustments cf the unit that are 
earried out after the. radar station has been sot up, during daily inspection, 


repair and, if time permits, befcre combat operation. Checking is narried 
out to make sure that the station and units are fully serviceable. 

The operators may perform only those adjustments that are specified 
below, If the checking reveals that the units operate abnormally ana they 
cannot be rendered serviceable by the adjustments listed in the presen% 
chavter perform the adjustments described in Part II, Chapter 10. 

The cperation cf the units when the station is switched on should be 


checked in the following sequence. 
1. CHECKING THE OPERATION oF ANTENA POSITIONING SYSTEM 


i. Check the position of knobs AMPLIFICATION (R69) and FEEDBACK 
R10—24 and RiC-74). These knobs located on the front panels of the 
automatic tracking -— and azimuth and elevation tracking units must be kept 
in positions stipuiaiied in the station log book. 

20 Check the readings of instruments FIELD CURRENT. When checking 
set the instrument selector switch (Wi0-1) tocated on the azimuth and 
elevation tracking wnit altermately in positions 4 ZIMUTH and ELEVATION. 
The instrument reeding should be equal to 25 + ema. 

3. Check the action of feedback. Turn the azimuth handwheel on the 
antenna control unit. The antenna should rotate in azimuth and take up a 
new position making not more than four oscillations about the new position. 
Turn the elevaticn handwheel. ‘The antenna should be tilted in elevation 
and take up a new position making not more than four oscillation cycles 
(watch the azimuth and elevation fine scales located on the receiving selsyn 


unit). 
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he Check the working of the system during circular and selector 
scanning, Shift selector switch MODE OF OPERATION (12-1) situated on the 
& antenna control unit to position SCANMING and selector switch SCAN SELECTION 
to position CIRCULAR, Set selector switch ELEVATICN COVERAGE to position 
ONe In this case the antenna should rotate clockwise in azimuth (as viewed 
from above) at a speed of 9 to 13 repeme and oscillate in elevation in a 
sector from 1 - 70 to 2-10. The azimuth scales must rotate etaee: 
evenly without jerks. 
After that set selector switch SCAN SELECTION to eoareien SECTOR. 
The antenna should swing in azimuth in a sector from 4-00 to 9-00 at a rate 
& of 26 to 34 cycles per minute and in elevation in a sector from 1 - 70 to 
2-40, ‘he antenna should be lifted for four oscillation cycles in azimuth 


and lowered for one cycles 





5, Check the operation of limit switches and the electric braking 





@ system. Rotate the elevation handwheel on the antenna control unit 
clockwise; this causes lifting of the eset and simultaneous clockwise 
rotation of the coarse elevation scale in the automatic tracking unit and 
the fine azimuth scale in the receiving selsyr unit» ‘Yhen the antenna 
reaches the upper position the upper limit switch and the electric braking 
relay should operate, thus causing the antenna to stops 
@ The reversal of the elevation anawnees direction of rotation should 
cause the antenna to move down and the scales of the coarse’ and fine 
elevation selsyns to rotate counter-clockwise. ‘shen the antenna reaches 
the lower position the lower limit switch and electric braking relay should 
operate, thus causing the antenna to StOpe 
When the antenna assumes the. upper or lower positions the elevation 
amplidyne should not be overloaded (it should not produce a Socuaiax noise- 


e . howl). 


Note: As soon as the antenna moves from the upper or lower extreme 
positions, repeated clicks of the electric braking relay 
accommodated in the antenna pedestal may be hearde 
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| 66 Check betenioine of the D.C. amplifiers of the azimuth and elevation 
tracking unit. Turn knob AMPLIFICATION (R6-8) on the automatic tracking | 
® unit to its extreme counter—clockwise positions. Set the antenna by the 
elevation handwheel through an angle of about 7-00. Make sure that the 
reference voltage generator is energised. Shift selector switch MODE OF 
OPERATION (W12-1) on the antenna control unit to position AUTOMATIC and watch 
the antenna position scales (fine and coarse) located on the receiving selsyn 
unit. | 
Tf the D.C. amplifiers of the azimuth and elevation channel are 
balanced the antenna will remain still. If the antenna starts to rotate 
@ it should be stopped, i.¢. balance the D.C. amplifiers by turning the shaft 
of the appropriate potentiometer BALANUE (R10-12 or R10-62) located on the 
azimuth and elevation tracking unit in the counter rotational direction of 
the corresponding scales. 
@ | 7. Check the operation of the follow-up motors. Rotate the antenna 
control handwheels five turns (with selector switch MODE OF OPERATION in 
position AUTOMATIC) and notice the azimuth and elevation scale readings. 
Then shift the selector switch to position MANUAL. The antenna displacement 


in azimuth and elevation should not be greater than 1-25. 
& 26 CHECKING THE OPERATION OF THE RANGE MEASURING SYSTEM 


Before checking, shift selector switch OPERATION — CHECK (93-1) on 


the range indicator unit to position CHECK. While checking, proceed as 





follows: 








1. Check definition and brightness of the sweep on the seswenk of the 
range indicators. If the sweep trace is blurred, focus the electron beam 
and set normal brightness by knobs FOCUS (R3-16 and R3-17) and INTENSITY 
@3-13 and R3-14) on the range and very narrow gate indicator unit. 

@ The fine range indicator should display two clear markers on the sweep 
trace in the form of two dark spots making the fine range electronic 
marker. The eeaes range tube sweep should have a marker in the form of 


— SEGRET wee/a high 
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& a high lighted sweep section making the coarse range tube electronic markers 


The range operator should choose suitable brightness of the sweep so as 


not to overstrain his eyes during manual range «racking. At the same time 





the sweep should not be too bright for this shortens the life of the indicator 
tubes. 
2. Check the form ef the sweeps on the screens of the range indicators 
and their position relative to the reference circles. By turning knob 
STROBE WIDTH (RS&-88) of the range unit, set the strobe width of the fine range 
tube sweep by the range scale, the width being equal to 2 kmo 
@ The sweeps shculd have the form of ciroles concentric in relation to. 
the reference circles, (engraved on the dises in front of the tube screen : 
and having 55 ma in diameter) » The circular sweep diameter must be 50 mm. j 
When tuning a sweep make sure that the sweep coincidés with the 
@ reference circle by turning in Psusendon lmobs CENTRING (R3-26 , R3-27 | 
and R3-31, R3-32) on the range indicator units, DIAMETER (R8-36, R8-21), : 


PHASE (C8-58, C&-65) and BALANCE (R8-18, R8-19) on the range unit. 


pac 


and the coarse range sweep, knobs marked SWEEP, 40 km. 


ote: Whea tuning the fine range sweep, use knobs marked SWEEP 2 km. 
{ 





Then by cperating knob DIAMETER (R8~36, R8-21) set the sweep diameter 
: - equal to about 50 mm. Accurately align the sweep with the reference circle 


prior to checking and regulating the linearity of the fine range electronic 










marker, for this accounts for the accuracy of the electronic marker checking 
and eatin: which in turn determines the magnitude of periodic errors 
in range measurement. 
During the operation of the station thoroughly check and adjust the 
vende sweeps, since the sweep distortions lead to errors in range measurement. 
& | 36 Check linearity of the fine range electronic markere Linearity 
should be checked by the carefully adjusted sweep of the fine range tube. 
Check linearity within 2 km. every 100 fr: of the range mechanism fine 
scale, for which purpose proceed as follows: 
CEPOET > | ooe/= turn the 
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® ~ turn the rotary reference dise in front of the fine range indicator 
so that its radial index notch comes to rest against zero division of the 
indicator soile (the remaining disc notches in this case are set at values 
5, 10 and 15)3 

- by operating the manual range tracking handwheel of the range 
mechanism match the end of the first spot of the electronic marker in 
succession with the four intense of the reference disc, noting the 
readings of the range mechanism fine scale. 

& The same operations should a-done when setting the reference disc 
notches to divisions 1, 2, 3 and 4 of the fine range indicator scale, 

Note the measurement results in sequences 

Linearity of the electronic marker is considered normal if twenty 
izaeuneneeee taken off the fine scale of the range mechanism differ one 
from another by a value not exceeding + 20 me, i.e. the maximum variation 
in readings is not greater than 40 m» In this case the differences in 
dea salem ree divisible by 100 m. are negligible. 

4. Check setting of range zero nddoavions Inaccurecy in setting 
range zero indication causes a systematic error in range measurements. 

Before checking allow the completely energised station to warm up for 
at least 20 min. 

Se selector switch OPERATION — CHECK (W3-1) on the panel of the 
range indicator unit to position OPERATION. By rotating the range 
handwheel set the end of the first spot of the fine range electronic marker 
against the beginning of the trigger pulse leading edge. Take the 
readings on the range mechanism seales and compare them with the value 

@ given in the log book of the Stations If the scale indications differ 
ios from the data specified in the log book by mere than + 10 mo turn the 
shaft (ZERO SETTING) coupled with the nhane shifter stator {on the panel of 


the range mechanism wit) to obtain the required scale readings. 
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5o Check strobe pulse sequence linearitys Operate knob STROBE WIDTH 
@ (R8-88) of the range unit and set by the scale the strebe pulse width on 
the sweep of the fine range indicator equal to 4 km. Turn the range 
handwheel and zero the range scalee In this case the strobe pulse on the 
sweep of the fire range indicator must be located approximately in symmetry 
with the electronic marker; the transmitter direct pulse should be 
observed on the sweepe 
i? this condition is not fulfilled, operate knob STROBE CUNTROL ~ 
PECINNING (R4-23) located on the front sane of the ee mechanism unit 
@ and arrange the strobe as instructed abovee 
lowly rotate the mechanisia scales by the range handwheel to 40 km. 
(on the seaie). The strobe pulse should not come off the electronic 
marker. The strobe pulse nouieion can be adjusted by rotating the shaft of 
e potentiometer STROBE CONTROL - END (R4-25). After adjusting the shaft of 
Jotenincaetes END check the strobe pulse positicn again with the mechanism 
scales at sero, and further with the scales rotating towards 40 km, making, 
if necessary, adjustments by potentiometers BEGINNING (R423) and END (R425), 


The strobe pulse sequence linearity is.considered normal if, when 





@ rotating the mechanism in both directions within 0 and 40 kms, the strobe 
pulse corresponding to 1 km. does not come off the electronic markere 
6 Check gating of the coarse range indicator sweep. The sweep 


should be gated along the whole circumferences, A small gap should remain 





between the ends of the gated parte 
The necessary adjustment of gating width is made by the shaft 
= potentiometer GATING WIDTH (R8-77) of the range unit. 
7. Check balancing of the automatic range finder. (This and the 
@ fellowing items are carried cut after checking the receiving and the 
antenna positioning systems )o 


By operating elevation handwheeel tilt up the antenna through such an 
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angle that the screens of the range tubes do not display the ground clutter. 


Operate knob AMPLIFICATION (R7-99) on the automatic range finder unit to 
obtain such amplification of the receiver that the noise amplitude on the 
range indicator is about 2 THM » 

Set the mechanism scale to 20 km. division using the range handwheel. 

When setting switch MANUAL — AUTOMATIC (wW4-4) situated on the range 
mechanism unit to position AUTOMATIC, the scales of the range mechanism 
should not rotate. If the ee rotate, balance the range finders; for 
this purpose: 

— cut out the receiver amplification by turning knob AMPLIFICATION 


(R7-99) on the automatic range finder unit to its extreme counter—clockwise 


. positions 


~ set the shafts of potentiometers BALANCE-1 (R7-93) and BALANCE~2 
(R7-80) of the automatic range finder unit in the middle position; 

-— turn the shaft of potentiometer BALANCE-3 (R7-17) until the scales 
come to a stop. 

Set the noise level to about 2 mm and operate potentiometer BALANCH-1 
(R7~93) and PALANCE~2 (R7-80)3 balance the system, ices stop the whole mechenien 
or get it to swing slightly in either direction. 

If the system is difficult to balance in the described sequence set 
potentiometers BALANCE-1 (R7-93) and BALANGE-2 (R7~80) in the middle 
position and with the given noise level obtain coarse balancing of the 
system by potentiometer BALANCE-3 (R7-17). Then operate knobs BALANCE-1 
(R7-93) and BALANCE-2 87-80) to obtain the best balancing of the system. 

After checking under the present item shift switch MANUAL ~ AUTOMATIC 
(w4-4) of the range suman om unit to position MANUAL. 

8. Check the operetion ef the automatic range and landmark tracking 
system. Operate the Suevavsee and azimuth handwheels to aim the antenna at 
a clearly visible landmark. Adjust the receiver amplification by knob 


AMPLIFICATION (R7~99) located on the automatic range finder unit so that the 
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@ echo signal on the indicators is not limited. 

Set the range handwheel to the tracking position (away from you) and 
align the end of the fine range electronic marker with ihe beginning of the 
echo signal. 

Shift switch MANUAL — AUTOMATIC (w4-4) of the range mechanism wit .to 
position AUTOMATIC. The marker should, after two or three oscillations, 
settle in symmetry with the echo signal. 

Set switch MANUAL — AUTOMATIC (4-4) to position MANUAL. 

Match the beginning of the electronic marker with the end of the echo 

S signal and shift the switch to position AUTOMATIC. After two or three 
oscillations the marker mst settle in symmetry with the echo pulse. 

If the electronic marker settles sluggishly to the signal anne, vice 
versa, after setting to the signal, it goes on oscillating, adjust 

@ amplification of the automatic range tracking system by turning knob 
AMPLIFICATION (R7-56) cf the automatic range finder unit. 
3. CHECKING THE OPERATION OF THE PLAN—POSTTION 
INDICATOR SYSTEM 
1. Check the shape of sweep on the screen of the plan—pozition indicaton 
© Put the receiver amplification at zero oy Sire lmob AMPLIFICATION (R7-99) 
ef the automatic range finder unit to its extreme counter~clockwise position. 
Turn knob INTENSITY (R11-35) on the plan—position indicator unit clockwise 
so that the sweep trace becomes visible on the indicator. Operate knod 


FOCUS (R11-50) to obtain a clear sweep trace. 





Set selector switch MODE OF OPERATION (W12-1) situated on the antenna 
control unit to position SCANNING, and selector switch SCAN SELCTION to 
position CIRCULAR. In this case the sweep should rotate (clockwise) in 

& synchronism with the antenna. The rotations must be smooth and the sweep 
not distorted. The length of the sweep trace should be approximately equal 
to the screen radius and display six range markers. The space between 


the range markers should be equal. 
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@ Readings of the antenna azimuth indicator of the range finder unit 
should coincide with those on the P.P.I. scale. 

Check and, if necessary, set normal brightness of the concentric 
circles formed by range markers and the strobe pulse using knobs STROBE 
BRIGHTNESS (R11-47) and MARKER BRIGHTNESS (R11-29) of the plan—position 
indicator ane They should be brighter than the sweep and darker than the 
target echoese | 

2. Check indication of the targets on the plan--position indicator unit. 

S Set seiestor switch MODE OF OPHRATION (W12-1) on the antenna control unit to 
position MANUAL. 

Turn knots AMPLIFICATION on the amplifier unit of the automatic 
tracking channel (R1-44) and the automatic range finder (R7-99) clockwise 
as far as they will go. Set the antenna to approximately zero elevation 

& using the elevation handwheel. In tale case the screen of the plan-— 
poet tien indicator should display background return, which testifies to the 
signal being furnished from the receiver. 

3. Check for correct setting of range markers. Operate the range 
handwheel and set the range mechanism scales to 20 km. Use knob STROBE 

@ WIDTH (R&--88) located on the range wit és set the width of the strobe 
pulse on the fine range indicator equal to 300 m. as measured on the scale. 

On the plan—position indicator screen the strobe marker should coincide 
with ae second range marker. 

After checking set (on the scale) the width of the strobe pulse of the 


fine range tube equal to 1000 to 1500 m. 


4. CHECKING THE TRANSMITTER 
@ 1. Check the driver voltages. In doing this shift the knob of 
selector switch "+400 4800 -200 —1400 +4000" (W254) to all the five 


positions in succession, the pointer of instrument VOLTAGE must settle 





between the red notches. “ 
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@ 2, Check voltage by instrument HIGH VOLTAGE which should read 21 to 
23 kV. With come other readings of the instrument bring the voltage to 
normal by rotating handwheel LOWER - HIGHER; the readings of instrument 


MAGNETRON CURRENT in this case should not exceed 20 te 23 mA. 


5. CHECKING THE STATION OPERATION BY ECHO BOX 





1. Check the cperation of the radio-frequency part of the station. 
‘This procedure is carried out with the help of an echo box as instructed 
under Part II, Chapter 10, Section 5. 
& 2. View the presentation of "local objects" on the range and plan- 


position indicators. In this case pay special attention to the magnitude 





of the signals returned from distant objects. 


te 


Note: When observing the tina pel tics presentation of local objects"! 
pear in mind that it may be changed not only due to abnormal 
operation of the station but also due to variation of weather 

@ conditions and time of the day. 
6. CHECKING THE OPERATION OF AUTOMATIC TRACKING SYSTEM 

The antomatic tracking system operation may be checked by separately 

lecated es producing steady echo pulsess Such landmarks may be 

& factory chsmmeye, tcwers, beacons and specially constructed "ground 
features" as a pole, a tower, on which a metal reflector is mounted (tin 
sheet, gauze, "brush", etce)o 

When checking proceed as follows: 

1. Point the antenna to the landmark by means of the azimuth and 

elevaticn handwheels. 

20 Set the electronic marker in symmetry with the echo pulse. 

3, Shift selector ewitch MODE OF OPERATION (W12-1) located on the 

} axisson ecoutrol uait to position AUTOMATIC. The antenna should 
automatically get aimed at the landmark, In this case the current 
indicated by the instrument located on the front panel of the automatic 


tracking unit, will drop to 7 - 6 mA, which is evidence of the correct 


SECRET . .>/seleotion 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 | 





Fa OE ne a No ee ea ne ede ee RN ee Fo Be ee ee 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


D 


SECRET 


selection of the onerating estas on the error amplifier valve characteristic. 
The noise level on the sereen of the coarse range indicator should decrease, 
which testifies the normal operation of the receiver automatic gain control 
system. On pressihg the ERROR SIGNAL — OFF, button (W4-5) on the main 
panel of the range mechanism unit, the current should drop to zero. 

4. Find the true seit and elevation of the landmark on the scales 
of the receiving selsyns. 

5. Shift selector switch MODE OF OPERATION (Wi2-1) to position MANUAL. 

6. Rotate the antenna by 0-50 in relation to the target direction by 
aid of the azimuth and elevation handwheels. 

Je Shift selector switch MODE OF OPERATION (Wi2-1) to positicn . 
AUTOMATIC. The antenna should settle pointing to the landmark making not 
more than three oscillations. 

The difference between the receiving selsyns'! indications should not 


exceed 0-10. 


{Field comment: This remark seems to be cut of place here, and some of the 
text is probabiy missing 
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Chapter 4 
ORIENTATION OF RADAR STATION 


1. GENERAL 


The station should be oriented each time after it has been set up on 
the position. 

Prior. to orienting the station check and adjust the station units as 
instructed under Part 2, Chapter 33; check levelling of the antenna pedestal 
(Part 2, Chapter 1) and alignment of the sight optical axis and antenna 
electrical axis and alignment of the station in elevation. 

After the station has been-oriented, orient the anti-aircraft fire 
director and anti~aircraft guns of the battery and match the synchro drives. 
These activities are described in "Instructions for the employment of Gun- 
Laying Radar SON-9". 

At night and in the absence of a visible aiming point the radar station 
and the anti-aircraft fire director are oriented by mutually sighting the 
station and the anti-aircraft fire director. For this purpose a special 
lamp is installed beside the sight, the lamp being covered with a cap, which 
is serewed off during sighting. The lamp is fed through a special cable - 


via connector Zw32—1. 


2. CHECKING FOR ALIGNMENT OF SIGHT OPTICAL AXIS 
AND ANTENNA ELECTRICAL AXIS 


The antenna electrical axis is an imaginary line connecting the 
antenna of the station with the target that is automatically tracked when 
the error signal returned from the target equals zero. 

The antenna electrical axis approximately coincides with the dipole 
rotation axis and is set at right angles to the pedestal elevation rotation 
axis at the Manufacturing plant. 

The sight optical axis is an imaginary line connecting the centre of 
the sight object glass (Fig. 244) with the distant point seen in the centre — 


of the sight crosshairs. To ensure fine readings of the coordinates SERB 
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@ parallel since the checking in elevation and orientation of the radar 
| as station in azimuth are carried out with the help of the sight. 

Used as an air target for checking is an aircraft flying so that its 
angular coordinates change as slowly as possible or a pilot balloon with a 
suspended angie reflector (tinfoil pasted on cardboard). 

During automatic target tracking it should be located in the sight 
field of vision (Fig. 24.5) and oscillate about the centre of the crosshairs 
remaining as a rule within limits of circle 0-02. It is assumed that the 
station cperatses normally and all the required adjustments avid tuning are 
made beforehand. Occasional deviations are allowede | 

3» CHECKING THE STATION IN ELEVATION 

To cheok the station in elevation, proceed as follows: 

1. Check and, if necessary, adjust the levelling of the antenna 
@ pedestal. 

2. Take the reflector frame by the hands and aim the antenna at any 
anaes (the apex elevation of which is determined beforehand topegraphicaliy 
or with any protractor) becenee the herizontal line of the sight crosshairs 


coincides with the landmark apex» 





& %, Turn on master line switch LINE, 50 copese (W51-1) located on the 
contre]. cabinet if the station is not energised and shift switch SELSYNS 


(Wi3-d,) to position ON. 





he If the station is energised shift switch INTERLOCKING situated on 










~the antenna control unit to position OFF and switch off the azimuth and 
elevation amplidyness. | 

5. Set switch GUN-LAYING RADAR ~ WARNING STATION (jW44-1) on the 
receiving selsyn unit to position WARNING STATION. 

e 6. Switch on the brightening and fine elevation selsyn on the 

receiving selsyn unite | 

7» Check the readings of elevation on the coarse sane located on the 
automatic tracking unit and on the fine scale of the receiving selsyn unit. 


Ar ARE FT ; 
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@ Should necessity arise set the required value cof elevation by turning the 
scales. For this purpose remove the framing of the corresponding scale 
and loosen the screws holding the scale and after adjusting fasten the scale 
and place the framing in positions 
The ‘stati on may be checked. in elevation by mutually sient the 
station antenna with a gun thoroughly checked (by the gunner's quadrant), the 
gun being 100 to 300 m from the statione The centre line of the gun 
would be aimed at the station sight through the firing pin holes and the , 

muzzle brake c . ceshairs. As with checking the station by a landmark 
& elevation is read on station gelsyn scales. The elevation must equal the 
elevation read on the gun scales but cpposite in signe If the elevation 


data do not coincide make adjustments as instructed above under point 7. 


ke ORIENTATION IN AZIMUTH 





@ To orient the station in azimuth it is necessary to have an aiming 



















point located not less than 2 ku. from the statione 
When orienting in azimuth, proceed ae follows: 
4. Remove both halves of the antenna pedestal dome. 
2. Turn cn master line switch LINE, 50 cepeSs (W3i-1) on the control 
@ cabinet (if the station is nos switched on). 
3. If the station is energised, shift switch INTERLOCKING on the 
antenna control unit to position OFF and switch off the azimuth and 
etevanion amplidynes>». 
he Switch cn the scale brightening of the fine azimuth transmitting 
eetayn, . 
5. Climb on the roof and take the reflector frame by the hands and 
® rotate the enterna in azimuth, simultaneously observing the optical sight, 
until the sight vertical line coincides with the landmark being used to 
orientate the stations 


6. Release the selsyn drive, for which purpose pull the handle of the 
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locking mechanism as far to the left as it will gc» The mechanism is 
located cn the iain gear of the azimuth motor drives 

7» fur the handle of the antenna pedestal azimuth selsyn drive to 
adjust the scale of the fine azimuth transmitting seisyn to zero or 
reference reading, checking the setting accuracy by the azimuth scales of 
the antenna position indicators and the receiving selsyn unite 

8. Secure the selsyn drive by pushing the handle of the locking 
mechanism as far as it will go to the right» 

9, Switch on the vower pack of the range and plan~position indicator 
system. Check the position of the sweep trace on the P.P.I, screene If 
it is not aligned with the azimuth indicator position in the automatic 
tracking unit, then{by turning the stator of the PPI. system transmitting 
selsyn), move it to the correct position on the indicator screens 

10. Place both halves of the antenna pedestal dome in position and 


fasten them. 


44, Switch off the station if it is not to be used for combat operation. 
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Chapter 5 


| & | COMBAT OPERATION 


The following chapter is concerned with the general principles of the 
operation during scanning and tracking of an air target. Detailed directions 
for duties of each member of the station personnel are given in the "Instructions 
for Anti-aircraft Artillery using the Artillery Radar Station SON-9". | 

i. SCANNING AND TRACKING 
When operating the station, two types of scanning are employed: 


(1) scanning according to target indications, which is divided into 





@ azimuth and range scanning and square scanning; 



















(2) scanning without target indications which is divided into automatic 
circular, automatic sector and manual scanning. 

Scanning according to target iadications can be used when the station 

@ operates in conjunction with a warning station. | Tau this case the coarse range 
and azimuth date of the given target is furnished tc the SON-9 station from 
the warning station. In the given case the indicators of the receiving 
selsyn unit serve as azimuth and range coarse indicators, switch GUN-LAYING 
RADAR — WARNING STATION being in position WARNING STATION. 

@ During scanning by target indications when the location of the target 
is approximately known the antenna is set in the assigned azimuth with due 
allowance for lead after which it is turned in| gzimuth in either direction by 
2-00 to 3-00 and tilted up and down in elevation depending upon the direction 
of the target movement (opposite scanning). 

For square scanning the screen of the plan-position indicatcr is fitted 
with a transparent overlay with an‘artillery grid plotted on it, the overlay 
being held on the screen by means of a special holder. In this case match 

© the range markers of the P.P.L. sweep with the grid scale by turning the shaft 
of potentiometer SWEEP LENGTH on the plan-position indicator unit. 

Automatic circular scanning is used only in those cases when there is 
no information on the target ieearions, For changing over to the given SECRET 
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unit to position SCANNING; selector switch SCAN SELECTION, to position 

@ CIRCULAR; and selector switch ELEVATION COVERAGE to position ON. In this 
case the antenna is automatically rotated in azimuth and is tilted up and 
down in elevation within a sector of about 2-00. The initial position of 
the antenna in elevation is set by the handwheel so that the expected elevation 
is within the Limits of elevation scanning. Sector scanning is resorted to 
in case the target coordinates are approximately known or the station is 
intended for Sistah in a predetermined sector. | 

Automatic sector scanning is switched on by setting selector switch 

@ MODE OF OPERATION to position SCANNING, selector switch SCAN SELECTION to 
position SECTOR. In this case the antenna oscillates in setter in a sector 
about 7-00. Simultaneously a sector. of about 2-00 is euniad in elevation. 

During all modes of Spewitios the operators observe the display of 
the target echo on the station indicator screens. The target echo is 

e displayed in the form of an echo-~arc. The target echo is presented as a 
narrow pulse on the coarse range indicator and as a wide pulse on the fine 
ange indicator (Fig. 246). The target azimuth is read on the P.P.I. scale 
against the middle of the echo-arc. The target range is read off the range 
& markers on the screen of the plan-position indicator. It may also be read 
on the scales of the range mechanism, for which purpose it is necessary to 
match the strobe pulse with the target echo on the plan-position indicator 
by turning the range handwheel. 

The target squares are determined by the artillery grid. The direction 
of the target flight may be determined by the target echo movement on the 
sereen of the plan-position indicator. 

When scanniag in low elevation the screen of the plan position indicator 

© displays aircraft targets and near-by objects. These echoes remain stables 
{Immovable and disappear or decrease in intensity when the antenna is. lifted 
through a certain angle. The operators should be well aware of the location 


and presentation of the near-by objects so as not to confuse them with the 


target echoes. | SEGRET 
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After a target has been detected the next stage, called tracking, 
@ follows. The operators continuously follow the target by turning the azimuth 


and elevation handwheels and determine its range. 


2. TARGET TRACKING 
Automatic tracking is resorted to when the aircraft is less than 40 
' km. from HG station. The electronic marker of the coarse range tube is 
matched with the signal returned from the selected target by means of the range . 
handwheel. The target echo in this case appears on the sweep of the fine 
range tube. 

& When tracking the target in range the electronic markers of the fine 
range tube ave matched with the signal returned from the target, i.e. the 
signal is placed in symeery between the dark spots of the electronic marker. 

When the siidatoonic markers of the fine range tube are matched with 

@ the target echo, selector switch MODE OF OPERATION should be set in position 
AUTOMATIC, atte which the antenna follows the target automatically in 
azimuth and elevation. 

The range electronic marker is continuously matched with the target 
echo on the screens of the range indicators by a handwheel (in this case the 

® handwheel should be pushed forward) 

For changing over to automatic tracking in range, shift selector switch 
MANUAL ~ AUTOMATIC situated on the range mechanism unit to position AUTOMATIC. 
After that the station will track the target in range automatically. 

If a signal returned from another target appears between the spots of 
the electronic marker the station may spontaneously start tracking the new 
target or else the antenna will oscillate. To sid this, the range operator 
must change over to manual txacking of the target in range and watch the two 

@ target echoes approaching on the sweep of the fine range indicator. At the 
instant the signal returned from the interfering target approaches the 
sanieanis marker it is necessary to push button ERROR SIGNAL OFF on the range 


mechanism unit and keep it pressed for not more than 3 sec. In this case 
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under its own momentum. The button being released, make sure that the station 
@ goes on tracking the selected target (the target echoes cn the vange ~ and 
plan-position indicators must move in the former direction). 
When the target is missed place selector switch MODE OF OPERATION in 
position MANUAL and search for the target with the aid of the azimuth and 


elevation handwheels. 


3. REMOTE CONTROL FROM THE PUAZO-6 
The station is provided for remote control from the PUAZO~6. This 
method is used when targets are distinctly seen through the optical sights of 
@ the PUAZO-6. 
For changing over to remote control from the anti-aircraft fire 


director set selector switch CONTROL located on the control panel to position 





AA DIRECTOR. and selector switch MODE OF OPERATION situated on the front panel 
e of the antenna control mechanism unit to position MANUAL. 
The target is tracked according to angular coordinates with the help 
of anti-aircraft fire director optical sights. In this case the antenna of 
the station moves in azimuth and elevation in synchronism with the anti-aircraft 
fire director. 
& | In the given mode of operation the range operator ensures target 
. tracking in range while the target range data are used in the PUAZO-6. 
' Should the necessity arise of going over quickly to automatic target 
tracking according to angular coordinates shift selector switch MODE OF 


OPERATION to position AUTOMATIC and sslector switch CONTROL to position STATION. 


4. OPERATION PROULIARTOTES UNDER RADAR INTERFERENCE 
The operators must be prepared beforehand for operation under conditions 
when the enemy uses radar interference. Strong interference may paralyse 
@ the radar operation for a while but under no circumstances should the station 
be switched off lest the snsay should become aware cf the effectiveness of 
the interference. 
| It will be necessary to resort to manual tracking in range and take 


oe se CreneTyr 
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heasures to continue target observation and tracking. 
@ Radar interference may be classified as active (jamming transmitters) 
and passive (angle reflectors, window, etc.) 
Active Interference 


Depending upon the type of radiation of a jamming transmitter (continuous, 





pulse, etc.) returns displayed on the indicators screens will vary. 

Interference causes overloading of the receiver and decrease of the varget 

echo amplitude on account of the action of the automatic gain control. With 

weak interference the target echo can be seen against the interference 
@ background. With strong iateptarencé the signal fades away which renders 
automatic target tracking impossible. In this case it is necessary to 
resort to manual tracking, decrease the receiver amplification by knob 
AMPLIFICATION located on the amplifier unit of the automatic tracking channel 
and then to treck the target manually, «if possible, by maximum signal amplitude 
on the coarse range tube. 

Due to narrow radiation pattern of the antenna the interference from 
the jamming transmitter affects adversely only a small sector. When the 
target comes out of this sector it may be tracked as usual. Therefore, care 
@ should be teken not to miss the target in the jamming sector and to follow 

it continuously. 

It is essential to quickly seeunine the direction of ae source and 
nature of interference. The azimuth and elevation data of the jamming 
transmitter may be determined by finding the antenna position at which the 
effect of interference is at maximun. 

Passive Interference 
Window, whose length equals or is greater than the half of the station 
& wavelength, intensively reflect radio waves and create pulses like signals 
returned from targets. The pulses differ from target echoes in that they 
move along the sweep slowly and fluctuate. . 
| With a great amount of window in the air automatic target tracking 


_ is made impossible. However, the target echo may be distinguished from SECRET 
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fluctuating pulses, which permits the target to be kept in view during 
@ manual control of the antenna and to change over to automatic tracking 
immediately after the target has left the interference zone. 

When tracking an aircraft dropping window, the moment of separation 
can be distinctly seen on the screen of the fine range indicator. The 
target echo widens and separates from the edge of a new signal. 

As a result of interference, the station may miss the target and 
start tracking window. To avoid this, the operator should push button 
BRROR SIGNAL OFF at the right time. 

@ In case of heavy interference it is necessary to resort to manual 
control of the antenna, decrease the receiver amplification and watch the 


target according to the maximum pulse. 


SECRET 
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Chapte x 6 
TRANSPORTATION OF RADAR STATION 


1. TRANSPORTATION BY TRUCK 


To prepare the station for the travelling position, proceed as follows: — 
l. Pack up the station according to the instructions given in Part 2, 


Chapter 1, Section 3. 





26 Check for fastening of the main control board units, the transmitter 
cabinet units, the echo box and its antenna, operator's chairs, service 
equipments, the main control board casing, the transmitter cabinet, the 
antenna pedestal, the amplidyne cabinet and other equipment. 

36 Check the packing and fastening in the truck of the power unit, spare 


parts cases, entrenching tools, accessories for unloading the power unit, 





cable reels, the tarpaulin cover and other equipment. In winter time check 
to see that water is drained off the power unit engine radiator. 

Ae Drive the truck to the trailer, engage the towbar with the truck hook, 
connect the lighting cable and the trailer brake hose to the truck. 

5. Check the operation of the rear stop lights and the trailer brakes 

when breaking the truck. Check the pressure in the truck-trailer brake 
system as aaaeuned by the pressure gauge located in the truck cabin. If the 
pressure is lower than 4.5 ke/sq.eme raise it when the truck engine runs at 
no-load. 

6. Check for reliable coupling of the truck and trailer, for which purpose 


drive the truck a bit forward. 


When transporting the station care should be taken to avoid jerks 
and knocks which may cause damage to the equipment. 
- The transportation speed on main roads should not exceed 40 km/hr, on 
soil and cobblestone roads 25 km/hr and when seine adr cross-country or 
rough terrain 5 Gali 


During transportation check periodically every 30 to 50 km the state 


of SECRET 
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- the coupling of the trailer with the truck and the trailer towbar 
® and turning gear components; 
- the fastening of the trailer wheels; 
-~ the chassis 
- the truck-trailer brake system. 
Check the packing and fastening of the equipment inside the trailer 
and truck side 200 km. and every 100 km. in case of rough terrain. 
Should the necessity arise to move the trailer backward , skoosed as 
follows: 
& - avive the truck forward until the truck is lined up with the 
trailer; | 
_ 7 remove towbar lock 7 (Fig.226) from holder 8 and swing it through 
the Saninee-en the bracket and towbar as indicated by a dash-and-dot line 
on Fig.226. In this case the front trailer wheels cannot be turned; 
@ - move the trailer backward slowly without jerks as far as it is 
required; 


- then remove lock 7 out of the openings in the bracket and towbar 





and install it in holder 8; in this case the front wheels and the towbar 
can be freely turned. 


@ Note: Backward movement of the trailer, when the truck is misaligned 
with the trailer by more than 6 to 10 degrees, is not recommended. 


2. TRANSPORTATION BY RATLWAY 
Before loading for transportation by railway the station and the 
truck should be in the travelling position. 
To fix them on a flat prepare the following: = 
- wooden blocks, i00 x 150 x 2750 mm, nine per set; 
- wooden blocks, 100 x 150 x 530 mm, ten per sets 
@ = 6 mm soft armealed wire, about 100 m3 
| - cramp irons, 50 per set; 
- Hoabas of not less than 40 mm for making loading ramps and spanning 


platform between the flats if the train is loaded with several 


REPRET 
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The station should be transported on 50~- or 60-ton railway flats. 


@ Preparing the Loading Area ° 


To prepare the loading area, the following should be done: 





1. A 50- or 60-ton flat should be placed sideways or end-on to the plaiform 
with the flat side gates open beforehand. 

20 The flat should be braked with brake shoes or by the locomotive. 

36 Spanning platforms should be placed between the end or side piatform 

and flats and between the flats. 


Note: A brake van, if any in the train, must be put at the end 
during loading. 


Loading the Trailer and Truck onto a Flat 





The loading procedure is as follows: 

i. The trailer is placed on the flat by means of the truck. The 
direction of the truck movement should ensure symmetrical installation of the 

& eet ter and truck relative to the longitudinal and lateral axes of the flat 
(Pig-247). 

After the station has been installed on the flat the truck and trailer 
must be braked. The trailer towbar should be put under the truck rear wheel 
and fastened to the floor of the car by cramp irons. 

@ After loading the station proceed as follows: 


- drain fuel from the tani and water from the truck radiator; 


close the shutters of the truck engine radiator}; 
- shift into first gear; 
es shut the windows and doors of the truck cabin. 
Ze Pasten the trailer with four wooden blocks (100 x 150 x 2750 mm ) 
across and with four blocks on the sides of the tyres along the flat. To 
make support more effective the block edge that faces the wheel should be cut 
@ 208 shaped to the wheel. : 
Fix the blocks to the flat with cramp irons, four required per one 
side of the lateral block and two per two sides of the longitudinal block. 


36 Fasten the trailer with four stays of 6 mm soft annealed wire (each 


SFGRFT 
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stay made of four twisted wires). One stay end is fastened to the wheel hub, 
@” other to the bracket or eye-boit of the flat. 
4e Fasten the truck with five wooden blocks (100 x 150 x 2750 mm) 
across and with six blocks on the sides of the tyres along the flat. Secure 
the blocks on the flat and interconnect them with cramp irons. | 
5, Fasten the truck with four stays (stay made of four twisted wires). 
One stay end should be attached to the axle at the wheel, the other to the 
bracket or eye-bolt of the flat. See that the stays do not brush against 
the wheel tyres. 
6. Remove spanning platforms and ramps, shut the side gates of the flat 
and fix them with wire. 
Caution: When the station is being transported by rail it is 


forbidden to marshal the train in hump-backed yards, to 
brake the engine fiercely or knock the flat. 
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2. Ape 
Chapter 7 


@ CARE AND MAINTENANCE | 


1. GENERAL | 


The technical condition of the station depends upon proper operation, 
| timely inspection, cleaning, lubrication of the equipment and putting right 
any Paulta which arise. 
To keep the station always ready for operation it should be 
systematically and thoroughly inspected and looked after. 
For this purpose, proceed as follows: 
® 1. Check regularly the operation of the station and adjust or regulate 
its separate assemblies, units and systems. 
26 Carry out a systematic inspection of all assemblies, units and. systems 


of the station. 





& 36 Keep clean all assemblies units and wiring of the station. Dust, 
dirt and moisture can cause surface insulation, breakdown and current leakages 
4. Keep metal parts of the equipment free from corrosion. 
5o Put right all troubles which are noticed in the course of operation. 


or inspection of the station and record them in the Log Books 
@ 6. During operation in winter keep the temperature inside the cabin at 

not lower than + 10°C following the instructions prescribed in Part 2, 
Chapter 9. 

During preventive servicing and repair t= 

~- do not alter the circuitry, wiring and layout of wires; 

- do not replace faulty components by new ones whose performances 

do not comply with the specification; 
- do not leavé faults located in the station unrepaired or unclarified; 
& - do not make temporary connections in circuits; 
~ do not use non-standard tools; 
- do not use acid instead of colophony when soldering; 


- do not clean the slip-rings and brushes of selsyns and current 





ee aollentor with netrol or paraffin: PLABET 
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- do not use petrol, mineral oil or other rubber solvents for 


& cleaning cables and rubber parts. 
2. PREVENTIVE SERVICING 


Preventive servicing includes inspection, checking, tuning and 
maintenance of the station. 

Preventive servicing may be daily, weekly, monthly and annual (season). 
Daily- weekly or monthly preventive servicing is performed by the crew, the 
monthly servicing being carried out with the help of a repair shop. Anquad 
(periodical) servicing is performed by the repair shop with the crew | 

6 participating. When performing daily, weekly, monthly or suiat servicing 

be careful and attentive especially while cleaning the units. 


Never inspect and clean a great number of units at a time as it may 





largely complicate the discovery and removal of faults which may occur during 
@ preventive servicing. | 

Inspect and repair any one unit of the station, place it in position, 
switch on the station, make sure that the unit operates normally and, after 
that, inspect the next unit. Preventive inspections of the motors, 
amplidynes, relays and magnetic starters, current collector, antenna~feeder 

@ system, trailer and automatic air dryer should be made strictly as instructed 
“under Section 4 of the present Chapter. 
After the station has been inspected, switch on and check it in 


operation. 


Daily Preventive Servicing 
While servicing the station, proceed as follows: 
l. Carry out the exbernal inspection and clean the whole station: 
wipe off the cabin on the outside, the antenna pedestal and the chassis with 
@ a dry cloth to remove dust and Mie. In case of rain or snowfall remove 
water or snow from the cabin. roof. flipe off the cabin inner walls with a 


dry cloth, and the panels of the cabinets and units with a soft moist brush. 


Clean the scale and instrument glass with a soft cloth. Wipe the cabin floor 


AE OR rage 
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first with a moist and then with a dry rag. 
& Check earthing of the station. 
| During operation in cold season see that the cabin temperature is not 
ines than + 10°C and the stove is cleaned of ash. 
| 2 Check levelling of the antenna pedestal. 

6 Check the operation and tuning of the station units and the station 
as a whole as instructed under Part 2, Chapter 3, and make prescribed adjustments, 
if necessary. Compare the spot ien operating conditions with the data given 
in the Log Books 

@ 4 Méke sure that the lamps lighting the scales of selsyns, instruments 


and indicators are in good condition. 


De Check that the synchronous drive and the date transmission system are 
matched. 
6. Check that the station is oriented properly. 

& Weekly Preventive Servicing 


In addition to the measures taken daily, do the following: 
1. Clean the cabin chassis, check for tightening of all nuts on the sedis: 
26 Check the condition of seRease in the jacks. Dirty grease should be 
replaced with fresh. 

@ 36 Check suspension of cables and see that there is no excessive sagging 
between the supports, breaks and sharp bends of the cable and damage to 
insulation. Check whether tyres are protected from the sun rays in summer 
time. 

Ae Check in winter the condition of the slip-rings of the current 
collector and the antenna pedestal selsyns and, if necessary, clean them. 
5 Inspect visually the geasimade Deniers check and, if necessary, 
r adjust their pointer to zero. 
| 6. Wipe from accessible parts of all units of the station and high- 
voltage insulators and the components under hie voltage, dust, dirt and 
moisture with a clean dry cloth. 


qe Check whether assemblies dee yechanisns of the station are lubricated; 
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y in case of need lubricate them as instructed in the Table (See Section 3 of 
& the present Chapter). 
8. heck the hermetic sealing of the antenna-fceder system and operation 


| of the automatic air dryer. With the dryer off, the pressure should drop 
| from 0.4 kg/sq.cm. to zero for at least 30 min. 

96 Check thet the cabin operational and emergency lighting is in proper 
condition. 


10. Switch on the station and tune the units as instructed under Part 2, 


Chapter 3. 
























| @ ll. Check the ‘friction couplings of the range mechanism for proper regulation 
(See Part 2, Chapter 10, Section 9). 
12. Check the connectors of the power cable. If there is an evidence of 
heating check the condition of contacts, clean the Gee spots. 

Monthly Preventive Servicing 
@ Besides the measures taken daily and weekly, do the followings 
le Wipe the antenna pedestal and reflector and the chassis with a wet 
duster and then with a dry cloth after removing dust and dirt from all slots, 
openings and chinks. These operations should be done after each shipment 
of the station. 
® Qo | Check the condition of the trailer chassis and soundness of the pneumatic 
brakes and the stop light. 
3. Check the level and quality of oil in the azimuth and elevation 
reduction gears (See Section 3 of the present Chapter). 
4. Clean the slip-rings of the current collector and the selsyns as 
instructed under Section 4 of the present Chapter. 
py Clean the commutators of the amplidynes, drive motors and tachogenerators 
® as instructed under Section 4 of the present Chapter. 

6. Cheek the condition of contacts and end faces of the cores of all 
magnetic starters and relays (See Section 4 of the present Chapter). 


Te Check for the soundness and proper regulation of the limit switches \ 


SECRET . 
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of the electric braking circuit and mechanical limiters in the antenna pedestal. 
@ Check interlocks in the transmitter cabinet. For this purpose: 
- switch on high voltage without sueeceee it; 
~ by opening the transmitter cabinet agora in succession, make sure 
that bias voltage and high voltage are off. Slight tapping of the 
transmitter cabinet closed doors should not cause accidental 


disconnection of voltage. 


8. Inspect and clean the air filters of the fans in the main control board 
and the transmitter cabinet. 

& 96 Inspect all the units of the main control board beginning from the 
upper unit and thoroughly clean them of dust (with the help of bellows or 
blow-gun). While inspecting visually: 

- check the strength and reliability of solderings, ‘contacts and 
mechanical joints; 
S ~ check for evidence of damaged, cracked or burned components, wires, 
insulators, leaky capacitors, transformers etc. 
- check for traces of seerosdots 
- check for soundness of contact blades of the unit connectors}; 
- check the condition of the relays in the units. Z 
e After finishing the above operations on one unit, place it in position 


and check the unit for energising it and all systems (units) of the station 
















whose operation may te affected by the unit under check. Having ascertained 
that the unit behaves normally in the sjaten: switch off the station and start 
inspecting the next unit. 
Wipe carefully the compartments from which the units have been removed 
first with a slightly damp and then with a dry cloth. 
10. Inspect and clean the transmitter, air dryer, antenna-feeder system 
{on the outside), control cabinet, amplidyne cabinet control panel, antenna 
pedestal, external boards of dust and dirt. 
ll. Cheek yoltages across the monitoring jacks of the units in accordance 


with the data specified in cA Log bee 
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12. Make thorough inspection of contact surfaces of the antenna head feeder 
@ and wash them with alcohol. 
13. Inspect and lubricate the fast rotating joint of the feeder line (with 
grease, CLATIM 201). | 
Notes Prevents inspection, washing and lubrication of azimuth and 
elevation slow rotating joints and all sections of the feeder 
line, with the exception of the reference voltage generator 
sleeve, are performed depending upon the Opengetne conditions 
but not less than twice a yeare 
14. Pre~age the next magnetron from the spare parts set as instructed under 
Part 2, Chapter 10, Secticn 3. Bach magnetron shoula be pre-aged once every 
S four nemties 
15. Lubricate the station assemblies as instructed under Section 5 of the 
present Chapter. | 
16. Paint worn surfaces of the station and tools from the spare parts set. 
17. Inspect, clean and lubricate spare parts, tools and accessories. 
& 18. Inspect and weigh the fire extinguisher, type OU-2. Its weight should 
be 6.2 - 6.3 kg. | | 
19. Switch on, check and tune the station as instructed under Chapter 3. 
The station operating voltages obtained during tuning should be recorded in 
the Log Books 
@ 20. Check the operation time of the time relay. 
el. Measure the current of the discharge valve as instructed under Part Oi. 
Chapter 10, Section 4 "Replacement and Selection of Discharge Valve RR-5". 
22.6 Check for matching of the electrical and optical axes of the antenna 
and check the station in elevation as instructed under Part 2, Chapter 4. 
23, Check the range zero indication (See Part II, Section 2, Chapter 3, 
Point 4) and, if neceesary, set it as instructed under Part 2, Chapter 10, 
: ® Section 11. 
| | Aunual Preventive Servicing 


| In addition to the measures taken every month, do the following: 






l. Overhaul the chassis and jacks of the trailer as instructcd under the 


present Chapter. . SECRET 
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according to the instructions on preventive maintenance of the antenuna-feeder 
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26 Clean and lubricate the electri¢al machines according to the instructions 
on preventive maintenance of the electrical machines (Section 4 of the present 
Chapter). 

3. Clean and lubricate the station assemblies according to the instructions 
on lubrication (Section 3 of the present Chapter). 


A. Dis mantlo :, clean and lubricate all the elements of the feeder line 


system (Section 4 of the present Chapter). 

5. Check the parameters of the station, its units and assemblies (See 
Chapters 10 and 11, Sections 4 and 5). | 

6. Check the condition and completeness of the spare parts set. 

Te Check the performances of the spare parts set valves with the help of 
a valve tester. The valves that cannot be checked with the tester should 
be checked during operation of the station. 

Oy Clean the relays contacts, magnetic starters, buttons erat Gontaeve 
of the door interlocks in accordance with the instructions on preventive 
maintenance of separate units and elements of the station (Section 4 of the 
present Chapter). 


9. Check fuses for condition and rated values. 





10. Check the measuring instruments for soundness and accuracy. 
ll. Clean or replace the filters, blow out the solenoid valves and renew 


the diaphragm of the automatic air dryer compressor (See Section 4 of the 

present Chapter). 

12. Tune and adjust the station as instructed under Part 2, Chapter 10. 
All operations done and the station tuning data should be entered 


in the corresponding sections of the Log Booke 


36 LUBRICATION OF STATION DURING OPERATION 


The reliable and trouble-free operation of the mechanisms is also 
dependent upon timely and proper lubrication of the moving parts. 


Grease minimizes the wear of parts and prevents corrosion on the | 
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surfaces of parts having no protective coating. Besides grease reduces adie, 
makes heat dissipation occurring as a result of friction more effective, 
ateeke the bearing assemblies from dust and other foreign matter. 

When operating the station, follow the Instructions on lubrication 
given below. | 
1. Station arriving from the manufacturing plant is lubricated, and 
epeou enue does not require lubrication prior to being put in operation. 
Ze In the course of operation each system and assembly should be inspected 
periodically for evidence of grease and corrosion on rubbing parts and on 
inoperative parts of components unprotected by coatings. 
3. | Prior to lubricating wipe all units and assembiies on the outside with 
a clean cloth. After sliding the units out of their mounting places remove 
dust and dirt collected on the inner parts of the units and assemblies. 
4. The mechanisms should be lubricated with the station switched off in 
accordance with the Table presented below. [See Pege 82]. 
5. While inspecting systems, units, assemblies and mechanisms of the 
station give special attention to lubrication of helical, toothed, worm gears 
and ball bearings. . Remove thickened or foul grease. For this purpose wipe 
the components first with waste soaked in aviation petrol and then with a 
dry cloth. After that coat them thinly with grease. 
6s Lubricate by means of a brush or cloth eonicsn a stick and see that 
the brush hairs or lints do not get into the mechanism. Never lubricate 


directly with the fingers. 


Atter the gears, differentials, bearings have been lubricated turn the 
mechanisms in both directions to distribute Heeke more evenly. Remove 
excessive grease. Grease should not come on the components which are not 
to be lubricated. 

Te If the components are found to be attacked by corrosion, wipe thoroughly 
the affected place with clean paraffin moistened wastes — After ecnewins 
corrosion wipe the component once again with a ciean dry cloth and coat the 


entire surface with a film.of grease. If corrosion cannot be removed in this 
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way make use of paste GOI. Never use files or emery papers — It should be 
borne in mind that even small corroded places under grease coating will widen 
and may make the component unserviceable. 

8. When inspecting units and assemblies of the station use a portable 
lamp provided in the set of spare parts, tools and accessories. | 

96 Grease and petrol should be kept in clean and dry cans with caps 
tightly closed. | 


10. During frequent moves lubricate the chassis whenever necessary. 


4, PREVENTIVE MAINTENANCE OF SEPARATE UNITS 
AND ELEMENTS OF STATION 


Instructions on Preventive Maintenance of Electric Machines 

During operation of the electrical machines special attention should 
be given to their cleanliness, condition of enna toe and brushes and 
lubrication of bearings. 

General Instructions on Cleaning 

Check every month general condition of the motors and selsyns. Keep 
the commutator and the entire motor free from dust by blowing them off with 
the help of hand bellows from the set of spare parts, tools and: accessories 
or the tzuck compressor hose for pumping up the tyres. 

If moisture or oil is found on the outside of the motor wipe it ary 
or remove, if necessary, and wipe in accessible places, then dry it at 
temperatures of 60 to 80°C for 10 to 15 hours. 

If rust is detected on the motor parts, remove it and wipe dry the 
cleaned place. If this part was painted before, renew the painting. 

Inspection of Commutators and Brushes 

Carbon deposit or dirt must be avoided on the commutators or brushes. 
Check their condition every month. In case of excessive wear or burning of 
the brushes they should be replaced from spares. The seated brush eine 
should make up not less than two thirds of ‘the entire operating surface. 


The least permissible length of a brush must be three times as wide € the 


clearance between the commutator and brush holders. While ee: Hi RET 
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brushes note their position relative to the brush holders and then set them 
@ as they were before, otherwise the brushes will be wrongly seated with respect 
to the commutator. : 

Should the brushes be replaced, seat the new pies by running the 
motor for five or six hours. After that remove the brush, wipe it with an 
Sisouienstatenea rag and before fitting the brush do the same with the 
commutavore ' 

The properly seated and fitted brush, if the commutator is sufficiently 
true and smooth, should give off no sparks or produce light sparking. No 

@ heavy sparking is allowed. The degree of brush sparking is regulated by 
changing the brush pressure. : 

While inspecting the brushes wipe them with an alcohol moistened cloth. 

Clean the commutator with a chamois leather, clean rags or cheese-cloth 

@ soaked in alcohol and wrapped round a stick. 

The commutator is cleaned through the ports in the end shield while 
the motor is running. In case of excessive burning of the commutator, clean 
it with a fine sand cloth fitted on a stick. After that wipe the commutator 


and brushes thoroughly with a rag soaked in alcohol. If carbon deposit 


eS cannot be removed in this way and the motor is sparking heavily, replace the 
motor. inspection of Selsyn SlipRings 


Contamination of the selsyn sliprings results in poor contact between 
the brushes and slip~rings. 


Clean the sliprings with an alcohol-moistened rag or cheese-cloth 





wound on a thin stick when the rotor is rotating. Do not finger. the slip- 
rings as this fouls them and produces greasy spots. 
Do not bend up the brushes as it may result in abnormal operation of 
& the selsyn. The seisyn brushes do not need special cleaning. 


Inspect and clean the selsyns every month. 







Do not remove the selsyns located in the antenna pedestal together with 
cups as it disturbs factory adjustment of the operating clearance between the 


gear teeth of the drive and selsyns. SEGRET 
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Lubrication of bearings of electric machines 

Grease the motor and selsyn bearings approximately twice a year and 
renew it during annual preventive service. Lubricate the bearings of the 
motors with grease, grade CIATIM 201 or GOI 54 and fusns of the selsyns with 
instrument oil, grade MWP/GOST 1801-51 or ATM/TU 01563-53 . 

| Pack grease in the selsyn bearings by means of lubricating guns. 

Remove or push the removable bearing caps aside from the frame if complete 
removal is hampered with a coupling or gear fitted on the shaft. Remove old 
grease, if possible, and fill the bearing with fresh grease then place the 
cap in position and secure it with screws. The motors and selsyns not provided 
with removable caps should be lubricated through the clearance between the 
shaft ends and the frame. 

Never remove the caps holding the selsyn bearings. 

Special care should be taken to lubricate the bearings of the drive 
motors located on the antenna pedestal and the bearings of the amplidynes. 

To lubricate the bearings remove the drive motors, vnscrew screws 1 
(Fig. 250), remove cap 2 together with packing ring 3, remove coupling 4, 
teke out key 8 and remove oil-splashing disc 5. Unscrew bolts 6, remove 
flanges 7 covering access to the bearing. 

| After lubricating the bearing: mplace the parts which have been removed, 

Before removing the coupling note their setting on the shaft, to avoid . 
additional adjustments during assembly of the parts. | 


To lubricate the bearings of the amplidyne, unscrew screws 1 and 2 


(Pig. 251), remove cap 3 and housing 4, remove fan wheel 5, unscrew bolts 6 


and remove flanges 7. 
Clean the bearings of old grease and lubricate them with fresh grease 
by means of a stiff brush. 
- After lubrication replace the parts which have been removed. 
To make a complete change of grease in the bearings of the motors and 
selsyns remove the flanges holding the bearings, wash them in clean petrol . 


to remove the remnants of, pit gagese and blow them off with hand bellows. 
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Then fill the bearings with fresh grease and replace the flanges. 
© If, while inspecting the motor, wear of the bearing is noted in the 
form of increased uneven noise, screeching or knocking in the bearing, the 


motor should be replaced or repaired. 





Checking Motors for Proper Operation | 





After the motors have been repaired or replaced check them for 
proper rotation: 
1. The direction of rotation of the amplidynes must correspond to the 
arrows engraved on the housing of their motors. | 
@ 26 Corroct rotation of the fan motor of the main control board is determined | 
by the direction of fan impeller rotation. When looking at the impeller from 
the ventilation port side (the port is located in the side cover of the control 
panel) its blades must rotate from top to bottom. 
36 The direction of rotation of the transmitter fan motors M25-1, M25-2 
® must correspond to the arrows engraved on the fan housing. 
Remark: In station of earlier design the direction of air flow is 
marked with an arrow on the fan housing. When checking 
correct connections of the cooling fans' motors, attention 
should be paid to the transmitter cabinet cooling fan which 
should blow the heated air from the cabinet out and under 


the trailer cabin; also to the magnetron and modulator valves! 
cooling fens which should produce an intense flow of air. 


@ Correct connections to the motors of the cooling fans can 
be checked by the intensity of air flow at the outlet of the 
impeller. With wrong connections to the motors of centrifugal 
fans, only the intensity of air flow is affected, but the 
direction remains the same. 
Ao Correct rotation of the cabin fan motor is determined by the impeller 
direction of rotation. The impeller must rotate counter-clockwise (when 
looking from the cabin through the window in the plating of the amplidyne 
cabinet) and force air into the cabin. 
In case of counter-rotation of the motors interchange the two wires 
feeding the motors at the point of connection. 
‘Wrong direction of rotation of the ventilator motors may be the cause 
of faulty cooling and lead to damage of the stations; wrong direction of the 
amplidyne rotation will affect the operation of the antenna positioning system. 


CERRET 
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Instructions on Preventive Maintenance of Relays 
' and Magnetic Starters 


The relays and magnetic starters must be inspected and cleaned every 
month. In doing this, proceed as follows: 


l. Wipe thoroughly all accessible parts of the relays and magnetic starters 


twice, first with a slightly moistened and then with a dry rag. Then blow 


them off by means of hand bellows. | 
26 Check for reliable connection of wires and fastening of the relays 
and magnetic starters. 
36 Clean carbon devosit found on the contacts with the help of a stick 
covered with chamois leather or woollen cloth coated with paste GOI. In case 
of bulged metal or burnt places clean the damaged places by first filing them 
with a barette file and then by polishing with paste GOI. Dismantle the 
relays only when required. | 
4. Once every six months (in spring and autumn) dismantle and perform 
additional preventive iahtenanse of the magnetic Speptces located on the control 
panel and in the transmitter cabinet. For this purpose, proceed as follows: 
- withdraw cotter pin 8 positioned in a hollow of magnetic shonten 
moving part 2 (Fig.252) and drive out pin 9 securing the movable 
part to the stationary ones 
- separate starter movable parts 2 from stationary part 4, remove the 
contact holders of the movable part as follows: slightly lift the 
spring support rod and by cianineat through 90° place it in the 
longitudinal recess: remove the core upper part; 
- wipe all non-lubricated parts of the magnetic station first with a 
slightly moistened rag, then with a dry one; | 
- remove old grease from the core end faces with a rag slightly soaked 
in aviation petrol: 
- remove carbon deposit on the contacts as described above; 
- wipo core ond faces with a rag coated with grease CIATIM 201; 


~ assemble the magnetic starter. 


a  SEGRET 
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56 Once a year dismantle the control cabinet magnetic starters and perform 
& additional preventive maintenance. 


For this purpose proceed as follows: 


open the control cabinet cover by unscrewing the holding screws}; 

~ enowe-the spark extinguisher by pushing it up after unscrewing the 
clamps; 

- separate the movable part of the core from the starter rod after 
unscrewing two screws. 

- remove carbon deposit in way described above; 


@ - wipe the core end faces with a rag coated with grease CIATIM 201. 


assemble the magnetic starter. 


Remark: For assembling and dismantling of the magnetic starters use 
screwdriver A-4,5, pliers (in box 3), and spanner 911 (in box 1-1). 


When dismantling the magnetic starters and performing additional 

@ sveventive maintenance check the auxiliary interlocks for proper setting. A 
doing this, lift the movable system of the magnetic starter (1, Fig.214) until 
it comes to a stop and lower it down slowly. In this case the upper pair 
of sapere interlocks 7 must open after a gap of at least 3 mn is sbtained 
between the main (operating) contacts 6 of the magnetic starter. | 

@ If the size of the gap is different proceed as follows: 
~ slacken screw 8 securing the auxiliary interlocks; 

~ lift the magnetic starter movable system until it comes to a stop 
and move the body of the auxiliary interlocks down until the locking 

pin of the interlock rod touches its plastic body; 

- fix the auxiliary interlocks'body in this position, ese the 
movable system and check the interlocks for proper adjustment as 
inentioned above. 

@ Notes Adjustment should be made with the station fully de-energised. 
instructions on Cleaning the Current Collector 


The current collector slip-rings should be cleaned not less than once 


SEGRET | 
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l. Remove the upper and lower parts of the housing of the antenna pedestal 
& azimuth compartment (on the stove side). 
26 Remove the cover from the current collector after screwing wing nuts 
off bolts 6 (Fig.. 184). 
3. Unscrew the 6 bolts 7 securing the pressure plates 4 with brush clamps 
and gently remove them; taking care not to damage the brushes and guiding pins. 
Wrep the plates with the brushes in clean paper or cloth and carefully 
put them aside. 
4. Put a aineiall tape cf 10 mm wide and about 1.5 in. long between the 
& body and the current collector, care being taken not to scratch the collector | 
slip-rings. 
To run through the surgical tape, pass one end 15 to 20 cm. long between 
the two insulating rings closely to the current collector ring and rotate - 
the current collector by the power gear of the azimuth drive until the tape 
@ appears between the body and the current collector column. 
5. Slightly moisten part of the surgical tape in alcohol and by moving 
the tape back and forth clean the slip-ring of dirt and dust (of ice, hoar- 
frost in winter) and then clean it in the same way with a dry portion. | 
6. After cleaning one slip-ring pass oh to the next (cleaning should be 
@ started from the extreme upper ringy. For this purpose, slacken the surgical 
tape and throw it over from one slip-ring to another» 
Clean all the current-collector slip-rings using this method. 
1. Turn the antenna by 180° (taking it by the azimuth drive power gear) 
and repeat slip-ring cleaning as instructed under Items 4 - 6. 
8. After the current collector slip-rings have been cleaned, replace the 
pressure plates and brushes and see that each brush is positioned in the middle 
@ of the slip-ring. If not, loosen the two bolts 8 securing the brush clamps 
to the plate and position it so that the brush is in the middle of the ring. 
Then screw up the bolis. 


96 Having re~placed the pressure plates check the pressure of each brush 





on the slip-ring, which should be 250 - 350 gr. SEGRET 
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Pressure should be checked by means of a dynamometer included in the 
@ station set of spare parts, tools and accessories (box 4). Hook the dynamometer 
to the plate where the brush is secured, making sure that the dynamometer axis 
is at right angles to the brush plate. By ee gently on the dynamometer 
pull the brush away from the ring and take the reading on the dynamometer. 


if dynamometer readings deviate from normal adjust the brush pressure. 





For this purpose unscrew two screws enausiing the spring to the pressure 

plates brush clamps and remove the spring. Slightiy straighten the spring : 

in the point of bending in case of increased teens (more than 350 gr.) | 
@ or slightly bend ‘it in case of decreased pressure (less than 250 gr.). Then | 

place it in position. 

10. Switch on the station and check: 


~ that the antenna pedestal smoothly moves in azimuth and elevation 





during circular scanning and observe the scales of the corresponding 
@ fine and coarse receiving selsyns3 
the operation of the automatic tracking system by a landmark; 
- the operation of the electric braking circuit in elevation. 
After that install and fasten all previously removed covers. 
Note: To clean the current collector use: wrench, 911 (in box 1-1) 
& a surgical tape (in box 4), rectified alcohol (in box 2) and 
grinding paper (in box 3) 


Instructions on Preventive Maintenance 
of Antenna-Feeder System 


To ensure normal operation of the antenna-feeder system the contact 
surfaces on the feeder connections should show no traces of carbon deposit, 
corrosion and dirt and the inside of the feeder should be clean. ‘Therefore, 
for preventive maintenance purposes completely dismantle the antenna-feeder 


system twice a year. in doing this proceed as follows: 


© 1. Inspect thoroughly all the contact surfaces of all the feeder sections. 
26 Wash all the sections. For this purpose plug one section end and 


pour in 50 - 100 cu.cm. of alcohol in the section. Then plug the second end 


and shake the alcohol for five minutes. After shaking remove the plugs and 


CERRET 
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pour out the used alcohol into és empty vessel and dry the section for five 
minutes. After washing the feeder thoroughly filter the alcohol for further 
USC. 
36 Wipe the contact surfaces and other areas of the feeder (the inside 
of the T-junction, contact connections, etc.). Clean off traces of corrosion, 
cerbon ‘deposit and dirt with a clean cloth moistened with alcohol. 

While cleaning the feeder do not use emery cloth as it causes damage 
to the coating. 

In case tie feeder brea dies down and other faults arise find the point 
of breakdown or fault and repair it. 

During preventive maintenance or repair of the antenna feeder system 
follow the instructions below: 
1. De: not remove and disconnect the reference voltage generator (GON) 
as it will disturb the factory setting of fie antenna electrical. axis and 


consequently the operation of the automatic tracking system. 





26 Do not withdraw the sleeve from the reference voltage generator as it 
will cause faulty operation of the automatic tracking system. In emergency 
cases the antenna-feeder system may be dismantled. In this case note the 
position of the sieeve relative to the reference voltage generator rotor. 
When replacing see that the notches are brought in line. If they are, the 
sleeve will assume the initial position. 


3. Inspect and repair in dry weather in covered premises only. In 


‘emergency cases the antenna-feeder system may be inspected or repaired in 


field conditions during rain or snowfall. In order to protect the feeder 
from moisture, dismantle the estes system under a tarpaulin using a portable 
lamp. After the operations are over remove the tarpaulin and blow the feeder 
with dry air from the automatic air dryer for 15 to 20 minutes. 

| Preventive Maintenance of Fast-Rotating Joint | 

Once a month (and during every dismantling) make preventive inspection 
and lubricate the bearing which centres the inner feeder of the fast- rotating 


joint in the following sequence: 
ENperT 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 





Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 





~ 64 ~ 


\ 


l. Disconnect feeder section 17 (Fig.177) connecting part of the fast~ 
rotating joint with the slow-rotating joint (inclined feeder); xemove the 
antennae head. 
26 Unscrew six bolts 24 fastening the fixed section of the fast-rotating 
joint to the reference voltage generator and disconnect it. 
3. Carefully remove old grease from pin 8 (Fig. 51) in the bushing of 
sliding bearing 10 with a clean rag soaked in aviation petrol ard wipe dry 
with a clean cloth. | 
A. Fill the sliding bearing with ease CIATIM 201 using a thin wooden 
stick. See that the grease does not get on the inner surface of the external 
conductor and the outer surface of the inner conductor of the feeder. Remove 
the traces of grease with a dry rag, then wipe with a clean rag soeked in 
alcohol. 
5. Reagsomble the fast rotating joint. See that the pin is not demeeed 
when it goes into the sliding bearing. 
Full Dismantling of Weeder System 
To accomplisn full dismantling of the feeder system, slide the 


transmitter forward out of the cabinet. For this purpose 3 
| 


Te Remove the heterodyne unit by disconnecting the radio-frequency 


cable connecting it with the mixers. 


ee Open the side plating of the transmitter cabinet. 
36 Disconnect the tube supplying dry air from the feeder. 
Ns Remove feeder section 1 (Fig.47) connecting the azimuth slow-rotating 


joint with the T-junction. 
5. Separate movable plate 15 with magnets from the antenna pedestal base 


plate by unscrewing four fastening bolts. 


cL 


Oo Disconnect power, radio-frequency, earth cables and conductors from 


the side transmitter interlocks. 


Te Remove the four bolts and unscrew two nuts fastening the transmitter 
to the frame on the rear. SEGRET 
8, Remove the branch pipe of the input air line of the magnetron cooling | 
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9. Carefully slide the transmitter forward cut of the cabinet by two~ 


@ thirds of its length having put a wooden block under its front part, taking 
care not to damage the cables. 
| After the above preparatory operations pass on to dismantling of the 
faster BYStEM. For this purpose, proceed as follows: 
Le Remove inclined feeder 6 (Fig.47) comecting the fast- rotating joint 
with the elevation slow.rotating joint. 
26 ‘Soneve bracket 16 holding the fixed section of the elevation slow 
rotating joint. 
36 Slacken bolts 17 clamping the elevation slow rotating joint. 
@ Ay Disconnect the elevation rotating joint by turning the outer itis 


counter~clockwise with a wrench. 


ie Remove the elevation slow-rotating joint from the tube. 
| 66 Remove covers 10 (Fig.177) from the side and top recesses of the antenna 
@ pedestal. | 
Te Unscrew the nut cf connecting angle 4 through the side recess using 


a wrench and remceve it through the top recess (Fig.47). 2 


Further dismantling is carried out inside the transmitter cabinet. 


8. Remove bracket 18 (Fig.47) holding the fixed section of azimuth slow- 
& rotating joint ¢. 
9. Unserew the bolts clamping split centring flange 21. Unscrew the bolts 


clamping the flange to the antenna pedestal, remove its free part. Holding 
the feeder, remove the other sent from the pins. 

10. Carefully put the azimuth slow rotating joint on the floor and unscrew 
sentaes feeder 3 to separate it from the azimuth slow-rotating joint Le 

ll. Remove the central feeder from the antenna pedestal. 


Preventive Maintenance on Slow~Rotating Joints 





Preventive maintenance and lubrication of the elevation and azimuth 


slow-rotating joints during full dismantling of the antenna-feeder system 






should be performed in a repair shop. 


In doing this, proceed as follows: 
OrARes 
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1. Unserew screws 3 (Fig.50) fastening the movable part of the joint to 


& the body of the fixed section of the slow-retating joint. 


20 Disconnect the movable section from the fixed one. 

3. Unscrew the lock nut and nut 5 holding the bearings on the oushing. 
4. Remove the feeder bend from fixed section sleeve 15- 

br Remove bearings 1, 2 and sleeve 10 from the body. 

6. Wash the bearings, sleeve, the inner part of the body with aviation 


petrol and apben dey ine them out, lubricate with grease CIATIM 201. 
Te Clean and slightly lubricate packing collar 7 ee CIATIM 201. 
@ Be Reassambie the slow-rotating joint. Then reassemble the feeder. 
eee assembly see that the contact enters tue seat of the inner feeder. 
When installing sis duimadh elow-Rotat ive joint and the central feeder 
see that the insulators are in the same plane, for which purpose use template 
_ ABG 859.000 which can be found in the station spares locker. 
@ Wrong assembly of the feeder system causes burning of contacts and 
faults in the system. 
After the entenna-feeder system has been assembled, switch on the 


; ! 
station and check its cperation. If, when increasing high voltage, a 





characteristic breakdown noise (peep) ig heard in the feeder line, switch off 





@ high voltage immediately and check the assembly of the feeder system. 
~N\ 


Note: To perform preventive maintenance of the antenna-feeder system, 
use a wrench, 8 x 9, a special wrench for milled nuts of the 
slow-rotating joint, two~end screw-driver, a socket wrench 5 — 9, 
a feeder system wrench and socket wrench 2.7 - IS-16, a feeder 
system template and a socket wrench, 22 x 27 (in box 7); an 
adjustable wrench and serew-driver A3.5 (in box 3)3 special 
wrenches (in the antenna head bracket); dusters (in box 4) 
and rectified alcohol (in box 2). 


Instructions on Ensuring Waterightness of Antenna 


NACE 


Pedestal and Trailer Cabin 


Antenna Pedestal 


oh 


After transpovting the station and after each preventive inspection 
and maintenance involving dismantling of the external part of the antenna 
pedestal, ensure watertightness of the latter by coating the areas of probable 


penetration of moisture ger paste. | 
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When applying the paste, proceed as follows: 
@ l. Coat the covers of the elevation selsyn drive at points 1, 2, 3 (Fig. 253) 
and point 4 (where the plate is connected with the housing). | 
Ze Coat point 5 of connection of the elevation slow-rotating joint with 
the horizorital section of the feeder. 


36 Coat in the elevation motor drive: 


Point 10 where the tachogenerator is fastened to its cover 9. 
- Point 11 of connection of the cover obstructing access to the 


limit switches. 


Point 12 of connection of the end cover with the drive housing. 


- The point where the pipe union of limit switches is installed. | 


A. Coat points 14 and 15 of Sonneetion of the covers closing the assembly 
windows. | 
5 Coat points 16, 17, 18, 6, 7 and 8 of component connection. 

@ The specified points should be coated with paste as follows; 


(a)Roll the waterproof paste in the form of a narrow cylinder 2.5 or 
3 mm in diameter (if necessary slightly warm the paste to make it 
soft enough). 

(b)Place the paste cylinder on the point of cornection of components, 
® . on the outside. 
(c)Coat the place of Bonnsotiew. with. s paste seam, 3 to 6 mm wide, and 
up to 2 mm thick after slightly warming up the paste with a 
soldering iron. 
(d)Remove the excess of the paste with a wooden blade and without 
disturbing the rubber packing gaskets ane paint senting eiean the 
surface of the component near the seams with a petrol-moistened cloth. 
Coat the fastening screws and bolts of the above somnsabtene with 


The places in Fig. 253 indicated by reference numbers ‘1, 3, 4, 65 7s 


waterproof paste. 





8, 9, 10, 16, 17, 18, should be coated with waterproof putty prepared according 






to prescription BEO 045.042. The places indicated by reference numbers 2, 
aranrry 
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5, 11, 12, 14, 15 should be coated with waterproof paste prepared according 
to prescription BEO 045 069. 
Trailer cabin 
Coat the fastening bolts of the front hatch (after the operations 
involving opening of the hatch) with waterproof paste. 


Instructicns on Care, Dismantling and Preventive 
Maintenance of the Chassis, Towing and Turning Gear 
Care of turning gars boils down to periodical checking of all types 


of swivels, their lubrication and checking of the required toe-in angle. 


‘The fastening nuts, plugs and pins must be locked. The tightening of end 


piece a should be checked during weekly preventive inspection. Every 1000 
km. of running check and, if necessary, tighten the nuts of the ball pins 
and ianeeeate the turning bar swivels with solid oil. When replacing the 
turning gears, set the required wheel toe-in angle. 
Wheel Suspension 

Care. Care of the wheel suspension consists in periodical checking 
of the clearance between the upper stop of the bracket and the stop of the 
torsion arm. The absence of clearance is evidence that the torsion bar is 
defective and it should be replaced. The rubbing parts of the torsion cylinder 
and bracket bushings must be lubricated according to the instructions on 
lubrication. 

Dismantling... Any of the four assemblies of the torsion-bar suspension 
must be dismantled as follows: 
l. Free the torsion bar from thd load by jacking up the trailer so that 
the wheels are not touching the ground. 
2 Remove the wheel. Remove the cap from the protruding end of the 
torsion cylinder after unscrewing the fastening bolt. Knock out the torsion 
bar from the bracket slits by Light taps, using a hammer and a copper drift, 
and remove it. The second cup on the other end of the torsion cylinder need 
not ba wenoveds 


3. Remove the torsion cylinder from the bushing of the frame bracket. 


CERRET 
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As the cylinder goes out of the torsion arm, the latter should be supported. 
@ When reassembling, the following rules should be observed: the 
cylinder with arm must easily sétate in the bushings of the frame bracket 
between the stops. During the next setting of the torsion bar tne clearance 
between the upper stop of the bracket and the arm stop should be 10° (when 
unloaded). | 
Wheels 
Care. Care of the wheels consists in checking the fastening of the 
steering ‘enuselen and steering ine (the fastening nits of the steering arms 
@ are locked in the knuckles) when performing routine juspections and servicing 
of the trailer. The stecring arm cone must be tightly fitted into the cone 
seat of the torsion arm (by grinding in). When performing check inspection 
en route, check the temperature of the wheel hubs which should not exceed 60°C. 
Every 900 or 1000 km. check and, if necessary, adjust the bearings of the 
& wheel hubs, and every 5500 to 6000 km. and annually, replace grease in the 
hubs and adjust the bearings. 
While replacing the grease, with the hubs removed, check the knuckle 
axial play by setting adjusting shims 20 (Fig.221) on the king pin between 
the upper projection of the knuckle and the axle. The play should not be 
& more than 0.25 mm. The bushiags of the king pins in knuckles and the 
thrust bearing should be lubricated with soda oi every 500 km. of running. 
Besides, each time when inspecting and servicing the trailer, check the 
condition of tyres and tightness of the wheel fastening nuts and tube pressure 
(by pressure gauge) as the service life of tubes is largely dependent upon 
the care, observance of assembly, dismantling instructions, correct towing 
and technical condition of the trailer. 
The tyres should have no local bulging and other imperfections; the 
patches must not come off. Should the pressure in the tubes increase through 


heat during running do not bleed the air. Check the pressure after the tyres 





get cold. If the pressure is lower than normal inflate the tyres .and make 


sure that the trailer does not run on flat tyres. 
CEP RE 
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Adjustment of wheel bearings. To adjust the wheel bearings (Fig. 222), 


@ proceed as follows: 


l. Jack up the trailer and check the tightness of the bearings. 





2s Remove hub cap 6,care being taken not’ to damage the gasket between the 
cap and hub. | 
Bo Bend off plate washer 7, unscrew locking nut 8 and remove the washer 7 
and locking ring 9. 
Ae Slightly slacken nut 10 and by turning the wheel make sure that it 
: rotates freely and smooth)y without jamming (without pumping the brakes) in 
® the bearings and in the gland. | 
5. While turning the wheel tighten the nut so that there will be increased 
braking; then unscrew the nut one-eighth or one-sixth of a turn and check 
the wheel for easy running. 
Gs Place the locking ring and plate washer in position and tighten locking 
@ nut 8. 
If the wheel ie epopeniy adjusted it should run freely and true and 
there must be no appreciable axial play of the hub. In case of axial play 


or when the wheel rotates with difficulty adjustments should be repeated. © 


T° After all adjustments have been made, fix locking nut 8 by washer 7, 
& grease the hub and put cap 6 on the gasket. , Adjust the other wheel bearings. 


in the same order. 
Ss Check for correct adjustment while in motion. If the bearings are 
properly adjusted the hub may slightly run hot. However, hub heating, easily 
felt by hand, is harmful and should be corrected by repeated adjustment. 
Setting of front wheels and king pin. The setting of the front wheels 
and king pin relative to the trailer support plane is characterised by the 
® “peitewine data: wheei camber is 1°, toe-in is 0.5° and king pin angle of 


ib Seltithe oats: ap ie BON ada 
inclination is 8° (Fig. 254). 





The front wheel angles of setting may change in the course of operation 
of the treiler, therefore they should be periodically checked and adjusted 


to normal. The increase of play in connectiorsof the steering knuckles with 
QP me see 
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tonexon arms and in the aes? bearings bis well as disturbance of wheel and 
@ king pin angles of setting reduce the service life of the trailer chassis 
during its operation. 

The toe-in angle should be checked every 2500 to 3000 km., while the 
wheel camber and the king pin angle of setting every 5500 to 6000 km. and when 
the wheels take heavy knocks going over a bump or the suspension components 
are damaged or replaced. 

A change of king pin inclination angles and wheel camber is caused by 

| bending of the torsion arms or distortion of the chassis frame side members 
® and also by wear of king pins and their bushings in the steering knuckles. 
The toe-in angle is disturbed if the torsion arms, turning bars, knuckle 
steering urms are bent out of shape and if swivels are worn out. 

Before checking the angles check the condition of the torsion arms and 
possibility of their being bent, play in the steering knuckles and adjust the 

e wheel bearings. When checking, place the trailer on flat, solid ground with 
the wheels parallel. 

Check the king pin angles of inclination and the wheel camber with 
special instruments. The, wheel camber can also be checked with a big square 
by placing it against the wheel centre as shown in Fig.c54, a. 

© | The space difference between the wheel rim face and square (A-~B) should 
be 5-6 mm 0 avoid mistakes caused by accidental surface irregularitiss 
of the rim, checking should be done with both wheels in three positions. 

Notes The king pin side inclination and the wheel camber ake obtained 

by a definite design of the front and rear axles and are not 
adjusted in the course of operation, but checked as described 


aDOVE > When the king pin side inclination and wheei camber 
are disturbed, correct or replace the damaged components. 





The toe-in angle is adjusted by varying the length of the turning bars. 
Before adjusting the toe-in angle, place the front wheels in a position 


corresponding to the straight line motion of the trailer and determine the 






toe-in by measuring minimum space between the side surfaces of the tyres at 
the level of the wheel axle at the rear (A) and front (B). With the toe-in 


normal, the difference between distances A-B should be 18 to 22 mm (Fig.254, bps 
Ar Ah mwIp 
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If the toe~in value differs from that mentioned, adjust as follows: 
} (a) Release the clamping bolts on the end pieces of both turning bars. 

(b) Rotate the bar (screw it in the end piece when the toe-in is 

large and out when the toe-in is small) and change the space 
between the swivels in its end pieces so that the toe-in value is 
normal. 

(cs) Tighten the clamping bolts of both end pieces. 

Wheel Brakes 
no Care. Care of the wheel brakes consists in checking the fastening 
® of the brake components, tightening the nuts of the brake anchor pins, - 
cleaning the brakes of dirt and periodic adjustment. 

Every 5500 to 6000 km. remove the brake drums, thoroughly clean the 
brake components of dirt and check the brake shoe linings, the surface of the 
drums and epeiied When the linings are geet ty worn out replace them, when 

& the brake shoes are oiled wash them and correct the fault (usually oiling is 
caused by damage to the glands in the wheel hub). 

When assembling the brake, coat brake anchor pin surfaces thinly with 
solid oil. Every 500 km. coat the shafts of the expansion er (in the 
brackets) with solid oil. Lubricate adjusting worm gears of the arms with 

@ ' graphite oil when assembling. | 

In case of dismantling and subsequent assembiy of the brake system 
make full adjustment of the brakes, bearing in mind that, if the clearance 
between the brake shoe and drum is chosen correctly, the brake drum heating 
should not exceed 50°C at the trailer speed of rot more than 25 km/hr for a 

period of 10 min. 

Adjustment of wheel _brekes: because of friction between the brake 
shous end the drum their surfaces are gradually worn out and this results in 
®@ an increase of the clearance between them. This increase makes the rod travel 

further and deforms the diaphragm of the brake sane when the brakes are 
applied. 


To facilitate check of the clearance value which should not exceed 
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0.25 to 0.4 mm in the middle part of the brake shoes if the brake is 
& properly adjusted, the brake drum is provided with access ports. 
To adjust the brakes, proceed as follows: 
1. Jack up the trailer so that the wheels are off the ground and check 


whether the wheels rotate easily. 


20 Measure the clearance in the mid part of the lining (Pig. 255) with 
the help of a feeler gauge. 2 
je Turn the shaft of the expansion cam by rotating the arm worm clockwise 


so that the wheel rotated manually is slightly braked (Fig. 256). 
@ Ae Rotate the expansion cam worm counter-clockwise until the wheel starts 
rotating freely. 
Be Check the clearance between the brake shoe linings and the brake drum. 
66 Press the brake pedal when the wheel is rotating, check the brake 
action and measure the travel of the brake chamber push rod. The travel 
S should not exceed 40 mm. NEVER ADJUST THE WHEEL BRAKE BY CHANGING THE 
LENGTH OF THIS BRAKE CHAMBER ROD BY ROTATING ITS YOKE. 
Note: An increase of the push rod travel is accompanied by ‘an 
increase of an amount of energy consumed for distortion of 
the brake chamber diaphragm, which results in a decrease of 


force pressing the brake shoes to the brake drum.° Therefore, 
the travel of the brake chamber push rods on all wheels should | 


& be equal. 


When assembling the brake teeter replacing the linings) make full 
adjustment and set the brake aheee concentrically relative to the brake drum. 
This adjustment is made by means of pins, the supporting neck of which is 
eccentric relative to the fulcrum pin fixed to the brake anchor plate bracket. 
Therefore, turning of the pin causes a displacement of the brake shoe fulcrum 
pin in relation to the brake drum, while during partial adjustment the 
fulcrum pin remains in the initial position. 

2 During full sasueeiont: by rotating the worm of the expansion cam arm 

and turning the anchor pin (with its fastening nut glackened) press the entire 
surface of the brake shoe lining to the brake drum and by holding this 


position tighten the nut fastening the anchor pin to the brake anchor plate. 


ese 7 ce RBEP 
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After that set the desired clearance between the brake shoe and drum by turning 
@ the cam with the help of the worm. The action of the trailer brakes is 
checked while in motions when the trailer moves at a speed of 20 km/hr on 
a dry asphalt road the braking distance should not be greater than 8 m., all 
te trailer wheels should be simultaneously braked without skidding. 
Brake Rigging 

Care. Care of the brake rigging consists in checking and eliminating 
the air leaks in connections, air lines and mechanisms of the rigging, in | 
checking the fastening of the brake rigging mechanisms and components, the 

& operation of the air distributor and in checking drain of condensation from 
the air container. 

Before each journey check the pressure in the brake system as measured 
by the pressure gauge. If it is lower ee 4.5 kee/sqeom. raise it when the 
truck engine runs idle. Cheek the pressure in the system while in motion: 

@ it should be 7 to 8 kg/sq.cm. (the pressure rise from zero to 7 or 8 kg/sq.cme 
at maximum revs should follow at most after two minutes). 


Note: he brake system pressure may decrease for short periods in 
case of frequent repeated brake applications. 


TO ENSURE AGAINST COMPLETE ATR CONSUMPTION DURING FREQUENT APPLICATIONS 
@ . OF BRAKES DO NOT SWITCH OFF THI TRUCK ENGINE ON LONG DOWN SLOPES. 
When préssing the pedal the pressure in the system shuuld not sharply 
. drop and as long as the pedal is pressed the pressure gauge pointer should 
not noticeably deflect. An appreciable pressure drop in this case indicates 
that air is saveuice from the brake system. A sharp drop of air pressure 
to 2- 2.5 ke/sq.cm. when the engine comes to a stop bears evidence of the 
air leakage as well. The leakage should be found and immediately corrected. 
For this purpose examine separately the pneumatic system of the truck and then 
& comnect and check that of the trailer. With the engine off and pedal released, 
the pressure drop in the breke system (as measured by the pressure gauge) from 
7 or 8 kg/sq.cm. should not exceed 0.8 to 1 ke/sq.cm. during one hour. 


A strong air leakage can be discovered by ear whilst a weak one by 
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Air leaks through connections can be eliminsted by tightening them. 
& In the absence cf air leaks the cause of insufficient pressure in the 
brake system may be clogging of the truck compressor air filter, the oil-and- 
-water separator filter and insufficient tension of the compressor drive belt 
er unsatisfactory operation of the compressor because of wear of its components. 
Each time when inspecting the trailer check the brake rigging together with 
the truck, making beforehand the required adjustments and testing the trailer 
brakes. : 
| When the brake system operates normally it is necessary to drain 
@ condensation from the air tanks every day in cold weather (in winter) and 
every 2500 to 3000 km. but not less than once a week. Every 1000 kme check 
the condition and fastening of the air pipes, air container, prake chambers 
and the air distributor. 

By tightening or connecting flexible hoses to the brake chambers make 

& sure that the qineis when turned through the angle of lock in either side 
do not. make contact with the hoses. 

To eliminate the contact, slacken the pressure nut on one end of the 
hose. Then by turning the hose about its axis set it in-the desired position; 
after that, holding the hose tighten the union nut. 

® Checking and adjustments. In case the air bleeds through valves or 
the air distributor fails to operate (upon expiration of the guarantee period) 
remove the seals, dismantle it and check the condition of rubber packings. 
If the rubber packings are damaged they shoula be replaced. 

When assembling the air distributor it is necessary to keep the 
reference clearance of 2.9 + 0.5 mm between the rubber gasket and the outlet 
valve (Fig.257). Chock the above clearance on the set (the air scoop body, . 
a rod with an inlet and an outlet valve in assembly). For this purpose rest 
upper end A of the rod against a table surface and while pressing the air 
distributor body press the rubber ring of the inlet valve to the vaive seat 
in the body. Measure the clearance in this position by placing a ruler on . 


the under side of the outlet valve and determining the clearance between the 
Bets si bs arARE? 
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ruler and the body end face. 

When assembling the valve, coat all the machined unpainted surfaces. 
of the comporianta; which do not make contact with the rubber components, with 
a film of petroleum jelly. Upon completion of the assembly test the air 
aistributer in sseeetion: 

When the valve is dismantled in a repair shop it is desirable, after 
assembling, that the air distributor should be tested for hermetic sealing 
and serviceability. 

To test for serviceability, proceed as follows; 

Li Screw a plug with a pressure gauge in duct III (Fig. 224). Admit air 
of 1.5 to 2 ke/sq.om. pressure from the air main to duct I and fill the air 
tank (of 35 lit. capacity) through duct II. 

26 Connect duct I with atmosphere; the air in this case should come 

to duct III, which is registrated by a deflection cf the pressure gauge pointer. 


30 Admit air of at least 1.5 ke/sq.cme pressure from the air main to 


duct I, the air escaping from dust III through duct IV, which is shown by the 


pointer of the pressure gauge located in duct III to zero. 
To test for hermetic sealing, proceed as follows; 
l. Connect ensaaie container of 35 lit. capacity having air pressure of 
5.5 ke/sq.cm. with ducts I and 1I of the valve. The air pressure drop in 
the air container should not exceed 1 ke/sq.ome per 8 minutes (duct. III 
should be connected with the atmosphere). 
2. Connect duct II with the air container of 35 lit. capacity, 5.5 kg/sq. Cte 
when duct III is plugged and duct I is connected to the atmosyhere. The 
air pressure drop in the air container should not exceed 1 kg/sq.cm. per 


205 minutes. 


instructions on Care of Automatic Air Dryer 
The automatic air dryer, type AD -220T, operates reliably with systematic 
care, preventive servicing and speedy repair of faults. 
During the dryer operation, proceed as folicws: a SEGRET 


le Watch the change of silica gel colour in the moisture indicator. The 
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silica gel should. be coloured dark—blue. 

@ Silica geil turning pink may reveal an increase in air humidity (tum 
the knob of governor DEW POINT toward reduction of air consumption) , 
increased aix leak in the line or failure of a drying chamber (check the 
dryer operation by the second drying chamber). . 

Ze Check for evidence of strange noises in ie oie dryer. 

Bo Watch the air pressure as measured by the pressure gauges — if the 

pressure drops sharply, check for evidence of leaks and then open the 

compressor and inspect the diaphragm and valves. Correct troubles, if anye 
a | Besides the above instructions on care of the dryer during operation, 

carry out preventive treatment of individual components listed oe 

Compressor 

1. Bvery 400 to 500 operating hours replace the diaphragm and lubricate 

the compressor bearings. To replace the diaphragm, disconnect: the air pipes 

& from the pipe connection, remove the compressor cover, screw the mushroom- 
type device out of the ee rods using a special Sceneh and replace 
the worn-out diaphragm. When assembling proceed as follows: 

- See that the diaphragm edges are not bent out of shape. 
-~ See that the connecting rod, when the diaphragm is clamped by 
e the disc, is in the extreme upper or lower position. | 
-- Tighten the dise by bolts so that it uniformly presses the diaphragm. 
26 After replacing the diaphragm, before trial starbing of the compressor, 
turn the compressor belt once or twice by hand; it must rotate smoothly oer 
the mushroom-type device should not strike against the disc. If the belt 
rotates with great difficulty or fails to rotate, dismantle the compressor 
and remove one or two shims from under the disc. 
If the belt rotates freely turn on the electric motor and check the 


_operation of the compressor. In this cases 





~ Metallic noise (with the exception of valve noise) should not be 






heard. 


- A pressure gouge aktoghed to the output pipe connection should read 
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from O and 3 kg/sq-om. for a period not longer than 15 seconds (with 
@ air holes plugged). 
36 Check the operation of the unloading valve. For this purpose plug 
one branch of the pipe connection and attach the pressure gauge to the other 
One Switch on the compressor. As soon as ae pressure reaches 23 kg/sqeem. 
switch off the motor. At this instant the unloading valve should bleed the 
air. 
Ae If necessary, replace the bearings in the following sequence. 
- Remove the unloading valve from the bracket. 
® - Unscrew six bolts, remove the compressor covere 
- Remove the mushroom—type device, diaphragm and disc. 
- Remove the rings from the bearings. 
- Lift the shaft with bearings in the body; knock out the pin. 
~ Unscrew with a wrench, and sieises the centrifugal governor from 
& the shaft, holding the shaft by the belt. 
- Remove the belt and take the shaft with bearings out of the body 
for replacement. 
Solenoid Val.ve 
Every 1000 hours of the dryer operation wash and blow off the solenoid 
& valve. For this purpose disconnect the valve from the pipe lines, then put 
a rubber hose on the pipe connection. During washing procedure switch on 
and off the supply circuit of the valve coil. 
Check the valve operation on cusestanee the coil. If the valve fails 
to open, wash it. If it does not open once again replace th 
Drying Chambers 
The drying chambers are interchangeable. The working life of the 
chamber is mainly determined by the service life of the heating element. 
If the heating element burns out the whole drying chamber should be replaced 
with a new one. ‘The chamber silica gel does not require replacement during 
operation as its service life considerably exceeds that of the heating element. 


- After replacement, the ne installed chamber must operate a complete 
CLARE 
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twenty-four hour cycle. 
@ a Temperature Relay 
The relay is housed in a case. When mounting it in the case never 


apply great force; it is quite enough if the relay does not spontaneously 
move in the case during the dryer operation. 

_ If the filter is clogged and a decreased amount of air passes through 
the drying chambers senses the filter strainer, for which purpose ee 
the nut holding the strainer and remove the strainer. 

@ When assembling the filter put on a new packing washer and coat the 
threads with sealing paste. 


Pressure Governor 





If the pressure governor leaks or does not Iaintain a stable pressure, 
overhaul it and replace the rubber disc and then set the required pressure. 
 ©@ | Needle Valve 
The needle valve (governor DEW POINT) does not require special care 
as a valve is employed in it in place of gland packing. 
Moisture Indicator | 
After the dryer has worked about a year check the indicator silica gol 
@ for colour changing by forcing damp air threugh it. If the colour does not 
change replace the silica gel. . 
Time Relay 
If the correct sequence of operation is ase in the air dryer, check 
the time relay, i.e. setting of cams on the shaft in accordance with the proper 
switching sequence of the contact plates. 
If the cams are set correctly, then rotating the shaft from position 
& 0 to 7 (according to the scale) causes the first, second and third contact 
| plates to close. In position 7 the first and second contact plates are 
opened; he third plate remains closed as far as position 12 at which it 
opens, whilst the fourth and sixth plates close; in position 19 the fifth 


and sixth contact plates cpen, whereas the fourth remains closed as far as 


ents oe CrAanrt 
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position 24 (or 0). When the shaft is further rotated the cycle is repeated. 
- Rotation should” be smooth without jamming. The worm should properly 


’ engage the worm gears 


Boosting Cabin Lighting Battery from 
Rectifier WoA-10 


The cabin storage battery is boosted by the rectifier, tyve WoA-1O, 
(Fig. 258) supplied together with the power unit, type APG-15. To boost the 


storage battery, proceed as follows: 





1. Remove the rectifier, type WSA~10 from the power unit and bring it 
fo the station. 

@ Bis Open panels A and B of the rectifier. 
36 Connect the rectifier to the station power line, 220 V, for which 


purpose bridge the second and fourth contacts on panel A (both bridges should 
be placed in parallel). . 
\ & 4. | Bridge the first and second contacts with the fourth and fifth contacts 
/ on panel B. This position ensures boosting of the storage battery by voltage 
6 V and current of 7A. 
5. Disconnect the cable with spring clips from panel B and use instead 
cable No. 33 with a plug that comes with the set of spare parts, tools and 
e@ accessories. 
6. Set rotary switch BATTERY ~- POWER UNIT located on the lighting board 
of the cabin to position POWER UNIT. 
Te Plug the rectifier into the 220 V socket situated on the control cabinet. 
Gis Determine the polarity of the rectified voltage and battery voltage 
across the sockes located under the cabin window near the control cabinet, 
using instrument AVO-5M. 
9. Plug cable No. 33, observing the polarity, into the storage battery 
= socket so that "+! of the’rectifier is connected with "4 of the battery. 
The ammeter located on panel B of rectifier W5A-10 should read 6 to 8 A at 


the beginning of boosting and then gradually drop in the course of charging. 





The battery is considered to be charged when the rectifier current (as 


CEPRET 
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measured by the instrument) is about zero. 
@ 10. Disconnect the rectifier from the storage battery and then from the 
220 V power line. 


ae Disconnect cable No. 33 from the rectifier and place it in the spares 


set case. 
12. Connect the removed cable with spring clips to the rectifier. 


13. Close panels A and B of the rectifier. 


14. Secure the rectifier on the power unit. 
15. Check the voltage of the charged storage battery across the terminals 
@ of the socket, using instrument AVO-5M; it should be of the order of 7.8 V. 


When lighting the cabin from the battery, switch on not more than 
two lamps at a time. The battery ensures six-hour supply of the two lamps 
and twelve~ or thirteen-hour supply of one lamp. After that the battery 
should be boosted againe | 


& Every day check the battery voltage; it should be not lower than 5.5 V. 


IF THE BATTERY BOLTAGE DROPS TO 5.5 V BOOST THS BATTERY AT ONCE. Discharging 
of the battery to lower than the above voltage or letting it stay run down 
for a long peviod is harmful (because of deposition of poorly soluble salts 
on the electrodes). 

@ Not less then once saeee three months send the storage battery to a 
charging station for preventive servicing, washing, changing of electrolyte 


and main charging. 


® / Table of lubrication +. 


SEGRET 
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Table of Lubrication of Station Mechanisms 


















Preparation for Lubrication Grade of Period of Notes 
lubrication sequence gzease or | lubrication 









substitute | 


Antenna Control Unit | 


j 








{Remove the unit Lubricate acces- CIATIM-201 | Every three}1. If the 

\from the panel and | sible bearings months stavion 

place it on the with the aid of a {GOI-54 operates in 
table. Remove the j{ hard brush. damp weather, 
unit plating. Slightly lubricate |CIATIN-201 | Every month} dusty atmos- 
Glean the unit the teeth of phere(regions 
mechanisms of accessible gears GOI-54 | of chemical 








dust, old grease by means of a soft plants, coal 

@ and wipe them brush. mines, etc. 

thoroughly. inspect the 
unit mechan- 
isms at 
least twice 
a month and 
lubricate 
whenever 
necessary. 


2. Wash and 
lubricate 
closed bear- 
ings if the 
repair 
involves 
dismantling 
of the unit 
mechanism. 


Range Mechanism 





Remove the unit Lubricate all acces{CIATIM-201 | Every three}1. If the 
from the panel andj sible bearings with months station 
place it cn the a bard brush GOI-54 operates in 
table. Remove the damp weather, 
plating and cover dusty atmos- 
of the distributing phere(regions 
mechanism. of chemical 

| 

| 

| 

{ 

: 

| 





plants, coal 

mines, etc.) 

inspect the 
unit 

| mechanisms at 
least twice 

| a month and 

i lubricate 

whenever 

necessary. 


| 
| 
| 


mre 
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@ Clean the jSlightly lubricate |CIATIM-201 | Every cel Oh Wash and ! 
i mechanisms of the teeth of : months lubricate 
dust and old accessible gears GOI-54 the bearings 
grease and wipe py means of a soft end mechan- 
them thoroughly. . {brush. isms 


enclosed in 
the housing 
of the main 


distributing |. 
‘shart if 
repair 
involves 
dismantling 
of the unit 
mechanism. 
& Plan-Position Indicator Unit. 

Remove the unit Slightly lubricate |CIATIM-201 | Svery three] 1. If the 

from the panel and {the idle gear months station 

place it on the accessible bearing operates in 

table. Clean the with the help of a damp weather, 

mechanism of dust j|soft brush. dusty atmos~ 


and wipe it phere(regio 

thoroughly. j of chemical 
plants, coal 
mines, etc.) 
inspect the 
unit mechan- 
isms at 
least twice 
a month and 
lubricate 


nr eee etter a Beaten 





















whenever 
: necessary 
@ 2. Wash and 
lubricate 
the remaini 
bearings 
when repair 
involves 
dismantling 
of the unit 
mechanism. 
Antenna Pedestal. 
4zimuth Drive Mechanism 7 
~ (Fig. 247; 2) 
att Remove the pedestal [Pour oll through Spindle Every six |{1. If the 
@ housing. Clean the ja hole in the oil, grade months station 
azimuth drive outpul} azimuth drive AU operates in 
gear, the pedestai jhousing until oil damp weathor, 
azimuthal gear and jappears in the dusty atmos- 
| all gears of the hole of reference phere(regiors' ! 
| Selsyn drive cf plug 3. Tighten of chemical 
dust and old eneepe the reference and plant, coal 
and wipe them filling plugs. i ‘ 
ani wipe + filling Pluss. ee ApET eee 
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| mechanisms | 
of units at 

| least twice 

| a month and 


lubricate 
whenever 
necessary. 
Lubricate the CIATIM-201 |Zvery three 
azimuth drive out- months | 
put gear and the GOI-54 
pedestal azimuth 
gear with a hard 
brush. 
| Unscrew drain plug |Slightly lubricate | CIATIM-201 | Every three 
2 in the azimuth the veeth of all months 
drive housing and gears of the GOI-54 
drain the oil into |selsyn drive with 
@ a 3-litre vessel  jthe aid of a hard 
prepared beforehand | brush. 
Screw in the drain 
plugs, screw out. 
the reference and 
filling plugs. 
Mechanisms of Elevation Drives 
@ F Pigs 248, b) 
Set the antenna Pour in 0.8 to 1 Spindle oil] Every six 
pedestal in lit. of oil grade AU months 
elevation by 15-00 | through the drain 
manually by the plug hole in the 
bracket » elevation drive 
Unserew drain plug 1} housing. 
in the elevation Screw in and 
drive housing and tighten the drain 
drain oil into a3 | plug. 
®& litre vessel. Set | 
the antenna : 
pedestal in 
elevation by O-00. 
Clean the output Lubricate the CIATIM-201 | Every week |If the 
gear of the teeth of the station 
elevation drive, thej elevation drive GOI-54 operates 
sector gear and the | output gear and of under dusty 
spring with the cam |the sector gear as atmosphere 
clutch (Fig.248,b) |well as the clutch conditions 
of dust and old with a hard brush. inspect the 
grease and then mechanisms 
wash and wipe them. daily and 
For this purpose, clean and 
proceed as follows: lubricate 
@ - measure distance L them whenever 
which must necessary > 





correspond to the 
value adjusted at 
the Manufacturing 


plant (34.5 mm); | 
\ 
| 
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| 
- take out locking 
pin 9 and remove 
nut 8, washer 7, 
spring 6, coupling 
5 and gear 4; 
~- clean the removed 
parts and the end 

of the mechanism 
output shaft which 
protrudes from the 
reduction gear case 
and wash them in 
petrol. 

Take special care 

in cleaning and 
washing the splines 
of the shaft and — 
gear 3 

~ assemble the cam 
clutch. When 
assembling keep 
value of L strictly 
within the limits 
(34.5 mn) since 
during its increase 
the station will not 
operate when wind 
velocity approaches 
25 m/sec. 

Tn some cases when 
the antenna fails 

at wind velocity of 
about 25 m/sec. 
value of L may be 


' somewhat reduced but 


it should not be 
less than 30 mm. 
Unscrew the screws 
holding the roun 


-cap on the inside of 





the elevation selsyn 
drive housing. 
Remove the cap. 





i 





Lubricate the teeth} CIATIM-~-201 
of the elevation 
selsyn drive gears 
with a hard brush, 
the antenna 
pedestal being 
rotated manually in 
azimuth by the 


Bvery three 
menths 


GOI-54 


| bracket. 


Through the opening 
in the housing 
clean the gears of 
the. elevation 
selsyn drive of old 
grease, the antenna 
pedestal being 
rotated in azimuth 
by the bracket. 


Through the holes 
in the sector gear 
iubricate the gear ;GOI-54 


CIATIM-201 | Every three 


months 


;pehind the sector 


gear with the help 
of a hard brush, 
the antenna 
pecestal being 
rotated manually 
in elevation. 
Place the round 
cap in position. 


CEPRET 








/ 
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1 a 3 . 4 
@  Pradler Chassis 
a (Fig. 248) 
Clean of dirt,dust | pack gréase through|Solid oil Every 500 {Use solid 
and old grease and lubricator fittings} GOST » of oil, grade M, 
wipe thoroughly: 1, 2, 3 and 4 by 1033-41 running. jin summer 
(a) pins of front | means of a time and 
wheel steering Lubricating gun gerade L in 
Knuckles, torsion until fresh grease winter time. 
cylinders, tow bar | appears in the 
pivots, wheel brake | slots. 
expansion camshaft. . 4 
(b) turning bar Pack grease through|Solid oil |Hvery 500 Use solid 
knuckles two lubricator ~ GOST km. of oil, grade M, 
fittings of the 1033-41 running in summer 
ball ends by means time and 
of a lubricating grade L in 
@ gun until fresh winter time. 
grease appears in 
i the slots. 
Oil the knuckle Motor oil 
joints with thin 
oil.. 
(c) Front and rear | Pack the required {Solid oil jEvery 5400 } Use solid 
whee}, hubs amount of grease GOST to 6000 km.{oil, gradeM. 
\ through fittings . 4033-41 of running | in summer 
@ 6, 7 by means of a time and 
ibeioat ine gun. grade L in 
winter time. 
(a) Jacks Pack the required |Solid oil j|Every three| Use solid 
amount of grease GOST or four cil, grade M, 
through lubricator:| 1033-41 months in summer 
: fittings by means time and 
of a lubricating grade L in 
gun. winter time. 
(e) Terminals of j Coat thinly with Solid oil {Every month}Use solid 
—) the storage betuety e grease by a blade GOST oil, grade M, 
tool 1033-41 } in summer 
| | or time and 
motor oil grade L in 


winter time. 


et 


Automatic Air Dryer 


Compressor bearings | Lubricate through {KW 
| side windows in 


ie compressor 


Every 600 
hours of 

operation 
case 


ooe/Chapter 8 
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Chapter 8 


¢ STORAGE INSTRUCTIONS 
4. PREPARATION FOR STORAGE 
Upon arrival of the radar station at the storage place set it vp and 
check its operation and in addition carry out the following procedures: 
le Befere preparing for storage carry out preventive inspection 
reseribked by the annual preventive servicing and renove any faults, 
2. Switch on the station (without switching on high voltage) for 
continuous cperation for four hours to dry ovt the units, During the drying 
@ procedure cpen all the ventilation ports, Open the station doors in cause 
time, After that blow off the feeder system with air from the automatic air 
dryer for 10 minutes (with the antenna head cap removed) and switch off the 
_ station, 
35 Thorcughly clean of dirt. and dust all exposed parts of the cabin 
& having no anti-corresive ccating and all the cabin accessories and then 
lubrisate them with en even thick layer of solid oil (GOST 3005-51). 
lie Blow off the air brake system for 15 minutes, then shut and secure the 


air hose on the cabin tewbar, shut and oil the air cock. 


be Clean the stove accessories and place them in the ashpit. 
é 66 Remove and send the storage battery to the charging staticn to prepare 


it fer storage and after that place it in the battery container, 

Ts . Thoroughly clean all the metal parts of the antenna pedestal having no 
anti~corrosive coating and lubricate then with an even thick layer of solid 
oil, Remove tie sight and place’ it in the case with spare parts, tools and 
accessories, 

8. Lubricate all inner metal parts of the range mechanism unit, plan- 
position inidicater wit, antenna control unit , having no anti-corrasive 
coating, thinly with an ewen layer of solid oil, Wipe all exposed unpainted 
metal parts of the units and inner unpainted components of the cabin with a 
soft dry cloth and lubricate, . 

9. CC Stop the tube on the high-voltage transformer Tr25-8 with a wooden plug, 


eraneTr 
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10, Arrange and secure six bags with silica gel, one kilogram each, wider the 


& main control board and behind the transmitter (silica gel must be preheated at 
temperatures from 150 to 200°C for a period of six hours). : 
410 Pack w the station, 
126 Cover the transmitter, main control board and automatic air dryer with 
canvas COVerses 


Notes The ecvers must be cleaned of dust and dirt and dried 
out beforehand, . 


| 135 Shut the ventilation ne and doors of the station, Coat all butts 
formed by the dscr leaves, ventilation ports, halves of the antenna dome on the 

& outside of the cabin with a layer of green nen-drying grease and carefully 
paste on it strips cf impregnated material, 


Carer the trailer with a canvas cover. 


Alpe Protect the wheel tyres from the sun's rays by means cf wicker mats or 
& coverse 
15-6 Unecil and check the cables, repair any faults and then cover with tale 


and coil them on the dziwns, 


2, STORACE — 
The station should be stored in covered premises protecting it against 
@ the elements, cn supports taking the weight off the chaasia. 
Twice 3 year in dry and warm weather open, set up, inspect, switch on 
the station and, if necessary, repeat the measures detailed in the present 


Chapter. 


3, REMOVAL FROM STORAGE 


When removing the station from storage, proceed as follows: 


de ‘Remove the wicker mats or covers from the trailer wheels, 
& 26 Remove the stoxege battery aml send it to the charging etation to prepare 


it for operation and charging. After that place the battery in position, 
Ze Remove the sealing strips from the places specified in Section I, Item 


13, and, using a reg scaked in petrol, wipe off the traces of grease which was 





__ applied when preparing the station foe storage, SEGRE t 
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bee Remove the trailer from the supports. 
& De Withdraw the wooden plug from the tube on the transmitter high-voltage 
transformer Tr25-8, 
be Take (he six bags with silica gel from umler the main control board and 


from behind the transmitter and place them in the spares casea, 

To Carry out the operations under periodic inspection, laid dcwn in 

Part 2, Chapter 7, 

8. Before initial energising of the ney station carry out operations as 

instructed under Chapter 7 » Section 2, "Monthly Preventive Servicing", 

Items 1-4, 7, 13, 20, 22-25, and replace the grease coating the expused parts 
e of the unit mechanisms, After that switch on the station and check its tuning 


and operation, 


SEGRET vas/Ohapter 9 
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Chapter 9g 
: OPERATION OF RADAR STATION UNDER LOW 
& “AND HIGH TEMPERATURE CONDITICNS 
4, OPERATION OF STATION AT LOW TEMPERATURES 

The station is always ready for combat operation at Low tannencies by 
maintaining temperatures within +10 to 25°C day and night inside the cabin, In 
this case the tumed station ensures determination of target co-ordinates 
exactly apobetae to the Specifications, | 

To make the station cperate normally under low temperature conditions, 
proceed as follows: 

@ - seal the station, 7 

~- maintain a temperature of not less than +10°C inside the cabin, 

- follow the muse for operation cf the station under low temperature 
conditions given in the present Chapter, 

~ prevent ice formation on the current collector slip—rings, 
e he station should be sealed as follows: 

- shut all ventilation ports of the station, 

- set the shutters of the main control board fan to position WINTER 
and of the transmitter cabinet fan to a position ensuring operation in winter, 

é — coat all butts formed by the door leaves and ports (with the exception 

of the entrance door) from the outside of the cabin with a layer of green non— 
drying grease sa paste on it strips of impregnated material, 

~ install the station in a heated shelter, 

The station is heated by the stove. During cperation the heating should 
be reduced and vice versa, When firing the stove, observe fire precautions, 
Every day switch on the station for 50 er 40 minvtes to heat the equipment more 
uniformly, Switch on the station carefully at low temperatures, 


& Before energising the station during operation under lew temperature 





conditions or at high humidity, proceed as follows: 
16 Dry out the station equipment, using the main control board electric 
heater and the stove for several hours until moisture is fully removed special 


_ attention being given to the transmitter, the plan-position indicator unit, I. 
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range indicator unit, the power pack of the range and plan—position indicator 

systems, which operate umler high voltages When drying, open the side doors of | 

the transmitter cabinet, | : 

Ze Blow eff the antenna-feeder system with dry air after removing the cap 

from the antenna head, 

or Check the antenna rotation, for which purpese rotate slowly the azimuth 

and elevation handwheels, simultaneously watching the antenna rotation, If the 

antenna fails to start switch off the amplidynes and find the trouble (which 

may be caused by freezing of the brushes to the current collector slip~rings, | 

heavy thickening of the grease in the reduction gear, etc, )e . | 
If the antenna begins rotating (when the handwheels are operated) 

gradually increase its rotation speed and turn the antenna several times in 

either vibsation in azimuth, Tilt the antenna up and dow several times in 

elevation without. fiosiine it against the stops. 

dre To ayoid ice~formation on the current collectcr slip-rirgs check their 

condition pericdically and wipe them with a surgical tape soaked in alcohol 

(see Part 2, Chapter 7, Section h)e | 

De The instruments or other equipment brought into the cabin (the AVO, 

antenna head, echo box) will sweat due to the increased cabin temperatures — | 

Therefore, wait until some drops accumulate on the surface, remove moisture with 

clean waste and in 10 or 15 minutes, after making sure that there is no 

moisture on the wince, place the instrument in position, 

66 in special cases the station may be switched on without preheating, in 

which case proceed with care (do not switch on tne main control board electric 

heater, and do not fire the stove), For the first two or three hours of 

operation the errors in jeeeains co-ordinates may exceed the values 


specified in the instructions. 


/2. OPERATION OF SVATION sees 


SECRET 
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2, OPERATION OF STATION AT HIGH TEMPERATURES 

@ In summer time when the ambient air temperature is high carry out the 
following operaticnss 

- place the shutter cf the transmitter cabinet fan to position SUMMER, 

- place the shutter on the housing of the main control beard and fix 
it in the upper position by means of a thumb screw. 

~ shut the ventilation port on the control panel by the movable cover, 

~ slide ovt the cover closing the ventilation port on the outside in 
the cabin floor, threequanters of its length, 

- cpen the ventilation ports. 

— switch on the cabin fan. 


— open the magnetron compartment on the side of the modulator front 


a 


panei, 
After prolonged operation of the station at high temperatures it is 
& recommended that the wits of the main control board and driver be removed and 


their lower walls be unscrewed, allowing visual exterior inspection of the 


condition of the uait components, 


SECRET eee/Chapter 19 
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Chapter i0 


TUNING AND ADJUSTMENT OF STATION 
UNITS AND SYSTEMS 


The present Chapter deals with the rules on control, tuning and 
adjustment cf the station units after repairing or replacing the components 
and also in case the sajiwenents specified in Chapter 3 do not aid in tuning 
the units. The units are tuned and adjusted by means of the measuring 
instruments on the station inventory. 

Cases where special equipment is used are dealt with separately; in 
these cases the units are tuned and adjusted by the radio technical unit 
in artillery workshops or by an inspection and repair workshop (KRAS) 

When describing the sequence in adjusting individuai systems of the 
station it is assumed that the systems are sound but need tuning. 

The station should be tuned in the following sequences 

- the antenna positioning system during manual operation; 

-» the range measuring system (without the automatic renge finder unit); 

- the transmitting system; 

~ the receiving system and the station high frequency channel3 

- the plan-position indicator system. 

After thet, tune the aritenna positioning system during automatic 
target teasicing and the automatic range findere 

In case one or another unit or eyakeu Santee be tuned and adjusted, 
find the cause of trouble as instructed under Part 2, Chapter 11 and 


consulting the key circuit diagrams. 


“4. ANDENNA POSTTIONING SYSTEM 
Tuning and adjustment of the antenna positioning system consists in 
tuning the system @uring manual tracking and duzxing automatic target tishicenas 
which boils down to aljustments of the azimuth and elevation tracking units, 
the automatic tracking unit and the reference voltage sees at, 


The antenna positioning system is tuned at the Manufacturing plant 


SEGRET .o./by measuring 
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by measuring gain-frequency characteristics of the station by means of the 
gain-frequency characteristic meter Ural Ze In this case positions of 
knob AMPLIFICATION (R6~8, R6~9) on the automatic tracking unit and kmobs 
FEEDBACK (R40-2, R10-74.) on the azimuth ani elevation tracking unit are 
selected and entered in the log book. 

Wnen tuning the antenna positioning system, in eee it has not 


undergone repairs involving replacement of the amplidynes, drive, motors 
ID » 3 


- beference voltage generator cr changes in the circuits of the units, make 


sure that the kacbs are set and modes of operations observed according to 
the leg book. Otherwise tune the antenna positioning system with the help 
of the meter Ural 2. 

Usuaily ‘the system is checked, tuned and adjusted twice a year by 
means of the above meter Ural 2 (see Appendix 3)e 

Tuning the Svstem During Antenna ilanual Control 

To prepare the suaten for tuning, apply, voltage to the automatic 
tracking unit, for which supose set the Sipe switch located on the unit 
front panel in position ON. In this case the pointer of instrument PLATE 
CURRENT located on the front panel must deflect by 13 to 19 mA, Shift 
functicn switch MODE OF OPERATION (W12-1) situated on the antenna control 
unit +6 position AUTOMATIC and switch SELSYNS on the control panel to 
position ON. Do not switch on the amplidynes and the reference voltage 
sarees, Switch on the scale lighting on the receiving selsyn unit. 

Stop the azimuth selsyn drivee For this purpose remove the antenna 
pedestal housing from the left-hand and right-hand sections and push the 
handle of the stop located on the big gear of the azimuth motor drive as 
far as it will go. Place the housing in position and secure it with 
screwse Tum the switch INTERLOCKING on the panel of the antenna control 
uit to ON, 

When tuning the system, proceed as follcews: 


SECRET ae 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 














SL Fe A Ee en ae 


a ; Arn a nm 
Declassified in Part - Sanitized Copy Approved for a 3013/09/19 : CIA-RDP80T00246A031400010001-1 


(9X 


4, Tarn the handwheels of the: antenna control unit several 
2 revolutions in either direction, after which place function switch MODE OF 
OPERATION in position MANUAL, - Set selector switch ELEVATION - AZIMUTH 
(wi0-i) located on the front panel of the azimuth and elevation tracking 
unit to position AZIMUTH and then to position ELEVATION. 
In either position of the selector switch both instruments PIEID 
CURRENT gitvased on the front panel of the azimuth and elevation tracking 
unit should read 10 to 10 mAe 
Place the selector switch to position AZIMUTH by turning the azimuth 
@ handwheel clockwise. In this case the pointers of instruments FIELD 
| CURRENT should come apart » ieee the left-hand instrument should read| low, 
and the right-hand one high, wnaich testifies to the fact that the stor 
voltage is properly phased relative to the reference voltage. 


f the pointers are brought together, interchange the wires attached 


4 


to terminals 1 and 3 on azimuth follow-up moter M12~3 in the antenna| control 
unite 

After setting the selector switch to position ELEVATION turn the 
elevation entenna control handwheel clockwisese The pointers of instruments 

@ FIELD CURRENT should come aparte 

Tf they do not, interchange the wires attached to terminals 1 and 5 
on elevation follow-up motor M1252 located in the antenna control unite 

2. Set aDeC. voltage of 27 to 33 V between uiteine jacks +30 V 
(G10-13) and BARTH (G10-3) located on the front panel of the azimuth and 
elevation tracking unit by turning the shaft of twin potentioweter 
FEEDPACK LIMITING (RiO-14., RIiQ-15)« 

30 Set a DoCo voltage of 34 to 37 V between monitoring jacks +34. V 

@ (G10-4),) and EARTH (G10-3) by surning the shaft of potentiometer TORQUE 

LIMITING (R10~33) on the unit front Sansl: | 


ho Check the voltage between monitoring jacks #30 V and +34 V3 it 


SEGRET 
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should be within 3.6 and 44 Ve If this requirement is not complied with 
@ adjust the given voltage by turning the shafts of potentiometers FEEDBACK 
LIMITING and TORQUE LIMITING, the vcltage across the jacks mentioned in 
Items 2 and 3 must be normal. . 

5» Turn the azimuth handwheel in the antenna control unit to obtain 
equal readings of instruments FIEID CURRENT. In this case selector switch 
ELEVATION-AZIMUTH must be in position AZIMUTH. 

By cueine the shaft of potentiometer FIELD CURRENT located to. the 
right on the panel of the azimuth and elevation tracking unit make sure that 

& both instruments read 25+2 mAs 

6. Set selector switch ELEVATION ~ AZIMUTH of the instruments to 
souition ELEVATION. 

Rotate the antenna elevation control handwheel in the antenna control 
unit to obtain equal readings of both instruments FIELD CURRENT. Make the 
current values of both instruments equal to 25+2 mA by turning the shaft of 
potentiometer FIFID CURRENT located to the left on the panel of the azimuth 
and elevation tracking unit. 

Te Set the knobs of potentiometers FEEDBACK located on the front 
@ panel of the azimuth and elevation tracking unit to figure 3 on the scalese 

8. Switch on the azimuth and elevation aupliaynes by means of 
magnetic starters located on the control panele 
Qo, Turn the antenna elevation control handwheel clockwise watching 
the system operationn If the system is sound: 
- the antenna should rise (elevation should increase); : 
- the seale of the anterma elevation position indicator in the 
automatic tracking unit should rotate clockwise}; 
& ~ the pointers of instruments FIELD CURRENT must come apart at 
the instant the handsheel is turned (instrument selector switch ELEVATION - 


AZINUTH should be plecead in position ELEVATICN); 


SEGRET | veo/~ the scale 
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Sh 
~ the scale of the anterina azimuth position indicator located in the 
& automatic tracking unit should rotate clockwise} 


“= the pointers of instruments FIELD CURRENT should come apart at the 





instant the handwheel is turned (instrument selector switch ELEVATION ~ 


AZIMUTH should be placed in position AZIMUTH) 3 





~ the seale of the azimuth receiving selsyn located in the receiving 
: . selsyn unit should rotate in a clockwise diseobionic 
11. Switch on the reference voltage generators Turn knob 
AMPLIFICATION (R6-8, R6~9) on the automatic tracking unit panel as far as 
@ it will gow Set selector switch MODE OF OPERATION (W121) on the bier of 
the antenna centrol unit to position AUTOMATIC. In this case the antenna 


can spontaneously rotate in azimuth and elevatione 





Step the antenna suophencous rotation in elevation by turning the 

shaft of potentiometer BALANCE (R6-62) (located on the left of the front - 
. @ panel of the azimuth and elevation tracking unit). 

Stop the antenna spontaneous soretiod in azimuth by turning the shaft 
of potentiometer BALANCE (R10~42) (located on the right of the front panel 
of the azimuth and elevation tracking unit). 

49, Set function switch tu position MANUAL, Set the knob of 

@ elevation potentiometer FEEDBACK (Rt 0-74.) to zero. Slightly turn the 
-anterna control handwheel in elevation, which will result in the antenna 
oscillating in elevations ‘Turn the knob of the feedback potentiometer 
slowly until the antenna stops oscillating. Turn the knob by one division 
more in a clockwise direction. 

43. Set the knob of azimuth Hesdhacls potentiometer FEEDBACK (R10-2),) 
to zero. ‘Slightly advance the antenna control handwheel in azimuth and if 

® the antenna starts oscillating in azimuth, ‘turn the wich of the feedback 


potentiometer slowly until the antenna stops oscillating. Turn the knob 





clockwise by one more division. — 
e+s/The knobs 
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The knobs of the azimuth and elevation amplification and feedback 
@ potentiometers are finally set when tuning the antenna positioning system 
aetna automatic target tracking (See Section 7 of the present Chapter)» 
The knob positions are entered in the station log book. 


Checking Beating and Centring of the Antenna Head 





Beating occurring during the antenna head rotation change deflections 
of the radiation pattern from the antenna axis and can impair automatic 


target tracking, it is necessary to periodically check the magnitude of 





peating end to centre the antenna head, whenever necessarye In doing this, 
& proveed as follows: 
4, Attech an indicator to the frame (Fige 258) of the reference 
voltage generator so that its probe touches the antenna head feeder near 
the nuts securing the polystyrene housing of the head. When the antema 
@ head rotates the indicator reading difference should not exceed O.1 mms 
The polystyrene housing beating should not exceed 0.5 mme 
Note: In field ccnditions, if there is no indicator at hand, the 
beating may be checked in a more simple way. For this purpose 
proceed as follows: 


~ energise the reference voltage generator} 





~ slightly touch the feeder of the rotating antenna head with 
& - a pencil near the nuts securing the polystyrene housing; 


~ de~energise the motor of the reference voltage generator and 
check the pencil trace on the feeder surface; if the head is 
centred properly the trace should occupy at least three- 
quarters of the circumferences 
2. To centre the antenna head, proceed as follows: 
- slacken clamping bolts 5 (Fige 259) located in the flange of the 
reference voltage generator sleeve}; | 
~- by rotating adjusting (retaining) screws centre the antenna head, 
@ checking its position against the indicator or using the above simplified 
metheds 
- tighten the clamping bolts; 


»oe/ ~ check once more 
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~ check once more the centring of the antenna head and repeat the 


& adjustment, if necessarye | 


2e RANGE MEASURING SYSTEM 
When tuning the range measuring system connect the unit being tuned 
to the main control board through connecting cables, if necessarye 
Remarks In the stations of earlier design, sweeps of the coarse and 
fine range indicators. become distorted when the range unit, 

| the range indicator unit, and the very-narrow gate unit are 

| comnected to the main control board with the aid of extension 

cableze This must be remembered. when adjusting the system. 
Tn some cases in order to gain access to the place of adjustment and 

@ to sockets remove the unit located above the unit being tuned. 

It will be shown later how to preceed in a particular case. But 
it is well to remember that each time before removing the unit from the main 
contre] board the system must be de~energised. 

| @ When tuning the system switch on the range system supply. Allow the 

4 unit to warm up for at least 15 mine Measure the stabilized voltage by 
the instrument situated on the panel of the power pack of the range 
measuring and plan~position indicator systems, (in the stetions of earlier 
design, selesior switch MEASUREMENT should be set in position "270 Vel). 

@ If the instrument reads cther than 270 V turn the shaft of potentiometer 
STABILIZED VOLTAGE (R5-33) to adjust the voltage. 
The range measuring system should be adjusted in the sequence given 
belowe 
Adjusting the Fine Range Tube Sweep 
When adjusting the sweep on the fine range indicator use controls 
designated SWEEP, 2 km., located on the front panel of the range unite 
In doing this, proceed as follows: 
@ 4) Brighten the fine range sweep, turning knob STROBE WIDTH (R8~88) 
to the left as far as it will go. Operate Imobs FOCUS (R3-16) ana 
INTENSITY (R3-13) located on the port of the range indicator unit and 


SEGRE! | eve/obtain 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 : 





Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 
‘= 100 = 


obtain a definite sweep traces 
@ 26 Operate shaft GENERATOR (C8-5).) to obtain maximum size of the rings 
If the diameter of the ring is too big (goes outside the screen) reduce it 
by rotating shaft DIAMETER (R8-36). | 
3. Operate shafts PHASE (C8~58) and BALANCE (R8-38) to cbtain the 
circular sweep. Both shafts are interconnected and they should be used 
together ty turning them alternately. 
he If a correct circle cannot be obtained by these adjustments, make 
the necessary adjustments by vransformer Tr8-1 of the range unit and — 
@ transformers Tr3-2 and Tr3-3 of the ranze indicator unite To do this, 
proceed as followss | | 
- connect the range and-range indicator units to the main control 
board through connecting cables} 
@ - switch on the range measuring system supply and allow the units to 
warm up} 


— set the shaft cf trimmer capacitor GENERATOR in the mid~position.- 


eo 


The unit panels, in which the trimmer capacitors are installed 
without mechanical stops, are provided with white enamel marks. 
They indicate the position of the capacitor shaft slot 
corresponding to the maximum value of its cepacitances This 
@ position is equivalent to the mechanical stops 


Notes 





- obtain the maximum sweep diameter by adjusting the primary winding 
of transformer Tr8~1 (upper adjusting screw) 
- set the shaft of trimmer capacitor PHASE in the mid=position; 


- turn the shaft of potentiometer BALANCE first clockwise as far as it 





will go, then counter-clockwise thrcugh an angle of 60 -90°; 
~ cbtain the correct circular sweep form on the screen of the fine 
range indicator by adjusting the secondary winding of transformer Tr8~1 


@ (lower adjusting screw) and transformers Tr3-2 end Tr3-3» 







After that, replace the units. 


5. By turning shafts CENTRING (R3-26, R3-27) and DIAMETER (R8~36) 
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match the circular sweep with the reference circle plotted on the 
@ transparent overlay on the indicator screen. Check the sweep form again | 
and, if necessary j repeat adjustment procedure mentioned in Item 3. 
6. Set the circular sweep diameter to approximately 50 mm by using 
shaft DIAMETER, 
Adjusting the Multivibrators 
- Remove the aiitonati range finder from the main control board. 
Switch on the system and allow the units to warm up. © Brighten the range 
_ indicator tube by turning the shafts STROBE WIDTH and GATING WIDTH (R8-77) 
@ to their extreme counter-clockwise ates Adjust intensity and 
focusing of the sweeps on both indicatorse Connect pilot cable Noe 2 to 
connector CENTRAL ELECTRODE on the panel of the range and very»narrow gate 
indicator unite Shift selector switch OPERATION - CHECK located on the 
e penel of this unit td position CHICK. 
Multi vi ibrator 15 Ke/s . 
Plug pilot cable in jack G8-1 located on the chassis of the range 
unit, Tum shaft 15 Ke/s of trimmer eahaniiee C8-6 (on the range unit 


panel) to obtain a five-turn spiral on the screen of the fine range tube 





® (jack G81, Figs 260), This display should be stable when turning the 














shaft within certain limits. Set the shaft mid-way between the extreme 
positions corresponding to a stable display. If the stable display is 
difficult to obtain, change the setting of shaft 3.75 Ke/s ‘and make 


adjustments againo 





With multivibrator 3.75 Ke/s adjusted (See below) four pips should be 
visible on the sweep of the coarse range tube. 
Multivibrator 3.75 Ke/s_ 
& Plug pilot cable in jack G8-10 located on the chassis of range unit. 
By turning shaft 3075 Ke/s of potentiometer R8-12 make twenty pips appear 


on the screen of the coarse range tube (jack G8-1, Figs 260). This 
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display should be stable when turning shaft 3.75 Ke/s within samll limits. 
S$ Place the shaft mid-way between the extreme positions corresponding to a 
stable display. If the stable display is difficuit to obtain, charge the 
setting of shaft 1.875 Ke/s and make adjustments once agains 
Multivibrator 412875 Ke/s 
Plug the pilot cable in jack G8-4 located on the panel of the range | 
uit. by turning shaft 1.875 Ko/s of potentiometer R8-16 make a two-turn 
spiral appear on the screen of the coarse range tube (jack G8-, Figs 260). | 
This display should be stable when turning shaft 1.875 Ko/ 3 within certain | 
@ limits, Place the shaft mid-way between the extreme positions which | 
correspond to a stable displays | | 
Having adjusted multivibrator 1.875 Ke/s, re~check the oscillograms 
taken from jacks G81, G8-10 and G8-). and repeat adjustments of the 
@ ' multivibrators, Wi eases 


Adjusting the Goarse Range Indicator Sweep 





When adjusting the sweep of the coarse range indicator use controls 
marked SWEEP, 40 kms, located on the front panel of the range unite 
Adjusting, in the follcwing sequence’ 
@ i> Turm shaft GATING WIDTH 6 its maximum counter-wise position and 
adjust intensity and focusing of the sweep. 


2. Operate shafts PHASE (C8-65) and BALANCE (R8-19) to obtain the 





circular sweepy 
IP a correct circuit cannot be obtained by these adjustments make the 
- necessary adjustments by operating transformer Tr8-2 of the ane unit and 
transformers Tr3~), and Tr3-5 of the range indicator unit, in the following 
sequence’ 
@ ~ connect the range indicator unit and range unit to the main control 
board with the help of connecting cables; 


~ switch on the system and allow the units to warm up} 
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= place shaft PHASE of the trimmer capacitor to the mid-position; 
@ - tum the shaft cf potentiometer BALANCE first to the ian 

clockwise position and then counter-clockwise threugh an angle of 60 to 90°, 

- turn the adjusting screws of transfcrmers Tr8-2, Tr3-. and Tr3-5 
to obtain the correct ewes form and maximum circle diameter} 

~ veplace the units in the control hoard and repeat the adjustment 
procedure mentioned in Item 2, if necessary. 

3, Match the centre cf the circular sweep with that of the screen by 
operating adjusting screw CENTRING (R3~34, R3-32)6 . | 

© he Set the sweep diameter to epproximately 50 mm by means of adjusting | 

screw DIAMETER (R8-21). | 


Adjusting the Trigger Pulse Delay 





To aioe the trigger pulse time delay, proceed as follows: 
@ 4. Turn adjusting screw GATING WIDTH counter-clockwise as far as it 
will go and adjust the sweep intensity and focusing. 
2, Set the shaft cf potentiometer TRIGGER PULSE DELAY (R6-27) in the 
extreme left pesitione 
Ze Plug the pilot cable in jack G8-9 located on the chassis of the 
@ range unit. The screen cf the coarse range indicator will display an 
inward gweep pip, formed by strobe pulse. A small peak formed by a trigger 
pulse (jack G8~9, Fig. 260) is noted on the pip topes 
he Turn the shaft cf eer TRIGGER PULSE DELAY slowly ina 
clockwise @irectione The pip on the sweep of the erarse range indicator 
will move relative to the peak of the trigger pulse oscillator until the 
peak is out of the pipe When turning the shaft further 4 second, third, 
etc. peeks from the trigger oscillator pulses will be within the pipe 
@ Set the shaft TRIGGER PULSE DELAY in a position at which the third 
peak will occupy a steady position in the middle of the pips 


\ 


+2 »/Adjusting the 
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Aajusting the Linearity of Strobe Pulse Shift _ 

@ These adjustments should be made in cases where the electronic markers 
do not follow the strobe pulse when the range is changed within O and 4.0 kine, 
on the scale, In doing this, proceed as fuilows: 

4. Turn adjusting screw GATING WIDTH on the range unit panel fully 
counter-clockwise. Turn knob STROBE ‘WIDTH to obtain the strobe width of 
460 to 4500 me on the screen of the fine range tube. 
Adjust the sweep iibeneity and focusinge 
| 2. By varying the renge within O and 40 km, by means of the handwheel 
® check the stability of the strobe pulse delay circuit operations The 
strobe pulse while shifting should not jump, split or atials 
3, Feed the trigger pulse to the central electrodes of the range 
‘indicators by plugging the pilot cable in jack G8-12 located on the panel of’ 
& the range unite 
le Set the range mechanism scales to zero. Set the shaft BEGINNING 
| | (of potentiometer Ri-23 STROBE CONTROL) on the panel of the range mechanism 
unit so that the trigger pulse is seen on the screen of the fine range and 
the Higaiaoatea Sasep section is located in symmetry with the pulses 
@ -  §, Set the range mechanism scales to 40 km. Set shaft END (of 
potentiometer Rij-2Z5 STROBE CONTROL) so that the strobe brightening of the 
cearse range indicator sweep is located in symmetry with the trigger pulse. 
6, Repeat operations. mentioned under Points 4 and 5 to obtain 
symmetrical location of the strobe pulse relative to the trigger pulse when 
setting the range mechanism scales to O and 40 kn. 
7. After setting zero seus reading (See Section 11 of the present 


Chapter) check the linearity of the strobe-pulse shift as instructed under 





Adjusting the Blocking Oscillators 






Adjustment of the blocking oscillators is required to obtain a stable. 
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electrenic marker on the fine range indicator. In doing this, proceed as 
@ _ _ follows: 

4o Plug the pilot cable in jack G3~3 on the chassis of the range © 
indicator after removing the range channel emplifier unit from the main 
control boards 

2, Turn knob STROBE WIDTH to cbtain the full period of the sweep high- 
lighted on the fine range tube. 

3. Set shaft BIAS (R5~18) on the panel of the power pack of the range 
measuring and plan~position indicator system in the extreme right position. 

@ Slowly turn shaft BIAS counter~clockwise to obtain electronic markers and a 
very~narrow gate pip presented as an inward radial deflection (jack G3-3, 
Figo 260). 

he Note the extreme positions of the potentiometer shaft at which the 
pip and electronic marker on the fine range tube sweep become unstable and 
place them in the mid~position. 

Adjusting the Electronic Marker Linearity 

To provide normal operation of the station, the nonlinearity cf the 
electronic marker follow-up of the fine scale turn of the range mechanism 
should not be greater than +20 ms “If the marker non-linearity exceeds 
@ +20 m. adjust the phase-shifter bridge of the range mechanism unite 

The bridge should be adjusted by the carefully adjusted sweep as 
follows: 


4. By turning the shaft of potentiometer BALANCE-2 (R4-10) on the 





panel of the range mechanism unit and the range handwheel within 2 kn. 
(as measured by the scale) determine: 
- the positions of the range mechanism fine ssale in which adjusting 
@ screw BALANCE-2 causes mininum @isplacement ef the elctronic marker spots. 
In these positions adjusting screw BALANCE-3 (R4—14) should cause minimum 


shift of the marker spots as well. There must be two such positions. 
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One of them is taken for the initial position (position I)3 

@ - an approximate position ef the range mechanism fine scale in which 
adjusting screw LALANCE~2 causes maximum shift of the electronic marker 
spotse There should be one such position (position II). 

2. Apply eoidawe from jack OUTFUT VOLTAGE (G46) located on the panel 
of the range mechanism unit to instrument AV0-5 (scale for 12 V AsCe) or 
the oscillograph and measure its daar tude for position I of the mechanisms 

3e Turn the fine range scale by 1000 m. away from position I and 

measure the voltage magnitude in this position of the mechanism 
@ (position III). 

If the voltage value measured in position III differs from that 
measured in position I turn the shaft of potentiometer BALANCE~1 (R4-7) 
located cn the panel of the range mechanism unit to change the value by 
half of their difference. 

4o Changing position I for Il several times ae sure that the values 
of the sinugoidal voltages are equal in both positions. After that 
disconnect the devices 

5a Set the range mechariism fine scale to position I» Align tks 
@ radial notéh of the check disc with the end of the first spot of the 

electronic markers 

6, Set the range mechanism fine scale to position III. Note the 
distance between the end of the marker first spot and the disc notch and by 
rotating shaft PHASE (Ch-7) on the range mechanism panel turn the marker by 
‘the half of this distance towards the notch. . 

7e Repeat adjustment as instructed under Points 5 and Ge Make sure 
that the end of the first spot of the elctronic marker is brought in line 

& with the check disc sstirad wiet setting the range mechanism fine scale in 
- positions I and Ili. 


8. Turn the range mechanism fine scale by 500 m from position I 
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met 
(position TI) an@ by rotating shaft BALANCE=2 on the panel of the eas 
@ mechanism unit align the end of first spot of the eletronic marker with the 
check dise notch. 
9. Turn the range mechanism fine scale in the other direction by 
500 m. relative to positicn I (position Iv) and by rotating shaft BALANCE~3 
align the end of the first spot of the eletronic marker with the check disc 
notchs 
10. Repeat oduclstnente. specified in Item 7, and then in Items 8 and 9 
and make sure setting of the range mechanism fine scale in positions I, I, 
@ III and IV brings the end of the electronic marker first spot in line with 
the check disc notches. | 
It should be borne in mind that all adjustments influence each other. 
thekeror’y af the desired adjustment under Item 10 is difficult to perform 
& repeat the adjustment procedure once more and then a third time, if 
necessary» 
44. After the phase shifter bridge has been adjusted check the 
linearity with which the electronic marker follcews up the turn of the fine 


scale of the range mechanism as instructed under Part 2, Chapter 3, Section 


@ 2, Item 5o 


fo adjust the circuits, proceed as follows: 


‘Adjusting the Indicator Gating Circuits 


4, Reduce brightness until the sweeps have disappeared cn the screens 
of both indicatorse 
2, Adjust the strobe width by turning knob STROBE WIDTH (R8~88 ) 
located on the range unit panel so that the highlighted section of the fine 
range indicator sweep is 4000 to 1500 m, (as measured on the scale). 
& 3, Adjust the gating width by turning knob GATING WIDTH (R8-77) se. 
| that the brightened section of the sweep forms almost a complete circle on 


the screen of the coarse range indicator. <A small gap must be provided 
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between the ends cf the brightened parte 
e 3- TRANSMITTING SYSTEM 
‘The transmitting system is checked by means bf an echo box (See 
Section 5 of the present Chapter). If the magnetron is found to be 
functioning abnormally it should be replaced. 
| Magnetron Replacement 
When installing a new magnetron special care should be taken not to 
damage Sn high-frequency cutput, to protect the magnet poles from knocks 
and. contacts which may cause the demagnetisation of the magnetse 
Remove the magnetron, in the following sequence: 
4. De~energise the transmitter. 
2. Cpen the front and side doors of the transmitter located close to 
the magnetron oscillator. 
& 3a Without unscrewing the ragnetron union nut Seuaiane the joint in 
| the transmitter saneien (having unscrewed four fastening screws )e 
le Remove the nozzle of the magnetron cooling fan by slackening first 
two thumb screws. 
5. Remove the plugs from the magnetron heater jacks» 
& 6, Taking hold of the magnetron unscrew three thumb screws securing 
the magnetron plate to the Magnes e 
7» Remove the magnetron with plates 
8. Unscrew the screws fastening the magnetron to the plate and 
remove the plate. | 
9, Remove the housing, having unscrewed the union nute 
10. Take the rubber washer out cf the circular recess near the high= . 
frequency cutput cf the magnetrone 
44. Put a protective cylinder on the magnetron high-frequency outpute 
Replace the magnetron in the following sequence; 
14. Remove the protective cylinder from the high-frequency output. 
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2, Insert the rubber washer in the circular recess near the high~ 
@ frequency output. 
3, Cormect the feeder to the magnetron by screwing on the union nutSe 
he Fix the magnetron to the magnetron plate by screwSe 
5». Place the magnetron between the magnet poles so that the figne 
frequency output enters the resilient contact of the transmitter couplers 
6, Tighten the three thumb screws holding the magnetron plate. 
7» Connect the ieandadbter with the coupler by means of four screwWSe 
8. Insert the plugs in the magnetron heater jacks so that the plug 
@ painted red (connected to a high-voltage metal busbar) enters the upper 
magnetron heater jack marked with letter K (cathode). 
9. Place the nozzle of the magnetron cooling fan in position by fixing 
it with the aid of two thumb screws. 
a 19» Shut the side door of the transmitter cabinet. 
Magnetron Pre-Ageing 
A new magnetron or one which has not been used for two or more weeks 
should be pre-aged prior to actual operation in the following sequences: 
4. Energise the transmitting system as instructed under Part 2, 
@ Chapter 2. 
2, Raise high voltage to a value at which the magnetron current 
measured by instrument MAGNETRON CURRENT equals 7 to 40 mA and wait for 1 
or 2 mine In this case the instrument readings should be stable. 
%, Raise high voltage to a value at which the magnetron current is 
44 to 417 wA and wait for 1 or 2 mine until the readings of instrument 
MAGNETRON CURRENT are stablee 
he Raise high voltage 4 a value at which instrument MAGNETRON 
@ CURRENT reads 2] to 23 mA and wait for 2 or 3 mine until the instrument 
readings are stableo 


When raising high voltage make sure that the HeVe rectifier voltage 
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does not exceed 22 or 23 kV with the magnetron current reading 21 te 23 mAs 
@ 5» Having set. the optimum conditions, eiitoh ‘high voltage on and off 
four cr five times, each time keeping the magnetron under high voltage for 
3 to 5 seconds, 
Controlling the Magnetron Magnetic Field 
The magnetron magnetic field is controlled by changing the air gap 
between the magnet poles which is obtained by r-tating the control knob. 
With the knob rotated clockwise, the instrument MAGNETRON CURRENT 
will read low and vice versa, 
@ Control the magnetic field so that the magnetron current (as measured 
by instrument MACNETRON CURRENT ) i3 21 to 23 mA. at a voltage of 22 kV. ~- 
See that the gap between the magnetron and the magnet poles is not less than 
4 mm on each sides 
Selection of Magnetron 
The magnetron in the station set of spare parts is selected’at the 
Manufacturing Plant; thus they are selected only when bringing the set of 
spare parts up to establishmente 
A. properly selected magnetron operating at the station must comply 
with the following requirements (with the transmitter system operating under 
cf) normal conditions and station high-voltage channel tuned): 

4» The value of maximum deflection of the echo box indicator pointer 
should be at least 60 microA (the orystal in the esho box is assumed to be 
sound)» | 

2. The ringing time value measured in. accordance with the instructions 

given under Itein 5 of the present diastes should be close to the value 
entered in the station log booke | 
@ et The pattern of distant objects on the screen of the plan-position 
indicator should not appreciably differ in details and definition from that 


obtained when the station operates on a magnetron taken from the set of 
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spare parts. 
& he The drift in azimuth of the bearing to the landmark when the mains 
voltage of 110 V changes by +225 V should not exceed 0-01 (selector switch 
MANUAL - AFC on the IeF. pre-amplifier unit must be set in position AFC). 
Operation on Two Modulator Valves 
Should the necessity arise the station can be operated when the 
niislakor uses two valves GMI-30, In this case because of a decrease of 
the load current flowing through the secondary winding of transformer Tr25~-1, 
the heater voltage of the modulator valves will rise to 8.5 V without any 
@ switchings in the supply circuit of the transformer primary winding, 
which places valves GMI-30 under increased potential, thereby ensuring 
normal magnetron operations 
Onerating Characteristics of Relays 
Relay P25~3 should operate at a voltage of -*400 V of the modulator 
valve bias rectifier. This relay is sent out adjusted for the pick-up 
current of 20 mA and does not remuire a@dcitional adjustments during 
operations 
Relay R25-6 should operate with a time delay of 1.5 seCe 
Relay R254. is adjusted to a current of 40 mA and operates when the . 
@ +.000—volt rectifier is overloaded. © | 
Relay R25-5 is adjusted to a current of 80 mA and operates when the 
high-voltage rectifier is overloaded. 
The value of the pick-up current seresiiea P25-. and P25-5 is 
regulated by shifting the clip of the variable wire~wound resistor located 
under the relay cover. Hach relay has two clips which are installed at 
the factorye Their setting corresponds to pick-up currents of 40 and 80 
& mA respectively. 
Depending upcn the purpose of the relay (for overload protection of 


the +,000-volt rectifier or high-voltage rectifier) use is made of the 
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clip whose setting corresponds to the required pick-up current of the relays 


& Relay R25-8 is adjusted to a pick-up current not exceeding 10 mA. 


4. RECEIVING SYSTEM 
Checking and Setting the System Performance 
Remove the amplifier unit cf the automatic tracking channel from the 
main control board and connect it to the board by means of connecting 
cables. "Place jumper STROBE +120 V (w4-3) located on the unit chassis to 
position 120 V. Turn the 120 V sptentianeter shaft (Ri-5i.) to set 120 V 
@ across jack +120 V (ii1-2). | 


Setting the output voltage of automati. 


i ener come ste aah ee Oe — 


eed ee em eee wee 


Set the output voltage of the A.G.C. stage at zero, which corresponds 
to the receiver maximum amplification. To set this voltage, proceed as 
e followss 
4. Extract valve Vi-1. 
2. Set selector switch MODE OF OPERATION (¥12-1) located on the 
| antenna. control unit to position MANUAL. | 
3, Turn knobs AMPLIFICATION (R144, R7-99), on the amplifier units of 
the automatic tracking charmel and automatic range finder to the extreme 
clockwise positions 
he Set the shaft of potentiometer A.GeC. SETTING (R1-4.2), located on 
the amplifier unit chassis of the automatic tracking channel so that the 
woltage between jack 4. of valve Vi-1 and chassis measured by instrument 
AVO-5 (3 V scale) equals zero. 
After setting the above voltages place jumper STROBE +120 V in 


& position STROBE and insert the unit in the main control board. 


7 





Sebting the -250-volt stabilized voltage 


Turn the shaft of potentiometer R22~50 RESONATOR VOLTAGE SETTING 


located on the chassis of the I.F. preamplifier unit to set a voltage of 


| SEGRET pea /250 V 
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-250 V between jack - 250 V (G22-2) and chassis. 
Checking the phantastron operation 

Set selector switch AFC - MANUAL (122-1) located on the Io}. 
preamplifier wit to position AFC. When the phantastron (v22-7),. operates 
normally the pointer of instrument CRYSTAL CURRENTS should make not more 
than 3 to 5 kicks per seconds 

| Note: When checking make sure that transmitter high voltage is off. 

The noise levei on the screens of the range indicators can give an 
idea of the range~channel amplification of the receiving system. 

The normal noise level on the screen of the coarse range indicator 
must be 2 to 3 mm with the heterodyne energised and signal mixer erystal 
current of Oe2 to 0.6 mhe 

With the Rekoioiens off, the noise amplitude may be reducede 

The range~channel amplification is controlled by the shaft of 
potentiometer NOISE LEVEL SETTING (R2-3) located on the front panel of the 
range-channel amplifier unite In this case turn knobs AMPLIFICATION on 
the amplifier units of the automatic tracking channel and automatic range 
finder to the extreme clockwise position. Turn the antenna so that the 
ground-echo invensity on the indicator is at minimum. 


Checking the operation of AsG»sC. system 


Check the operation of the system as instructed under Part 2, 
Chapter 3, Section 2, Item 7+ 

Set the automatic tracking channel amplification according to 
instructions given in Section 7 of the present Chapter. 

The heterodyne frequency must be controlled automatically, thercfore 
during combat operation selector switch AKC - MANUAL should be placed in 
position AFC. Manuel frequency control should be resorted to only in 


+. e/case 
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case of damage to the ARC system, 


& Notes Meke the checks listed under sub-section "Checking end setting 
the system performance" periodically, whenever necessarye 


Tuning the Receiving System 

The present Section is concerned with the methods of checking, tuning 
and adjustment of the receiving system elements. 

When tuning, proceed in the following sequence: 

14. Tune the heterodyne to the operating frequency, for which purpose: 

~ Set selector switch AFC - MANUAL to position MANUAL; . 

- Set adjusting screw KLYSTRON FREQUENCY in the mid-position; 

® - Couple the echo box to connector marked TO ECHO BOX located on the 

front panel of the I.F. ictanvioian ine: 

- Shift knob REPELIER VOLTAGE (R22-56) to position 10-13; 

- Switch on the unit supply. 

& By turning the shaft of pdtentiometer ZONE SELECTION (R22-59) ana 
tuning plug of the klystron resonant cavity, tune the klystron by the echo 
box to a frequency 30 Mc/s higher than that of the magnetron as instructed 
under Section 5 of the present cheptenc when ‘canine the klystron te a 
frequency lower than that of the magnetron the autematic frequency control 

& will not operate. | 

| fter tuning has been done the tuning plugs should be tightened with 
locking nuts and coupling loops installed vertically» 

Note: a) When operating with magnetron MI-18 tune the klystron 
resonant cavity by the echo box to the magnetron frequency 
to obtain maximum ringings ' 
b) Unscrewing of the tuning plugs of the klystron resonant 


cavity (increase of cavity) results in a decrease of 
frequency whilst screwing in, in an increase of the oscillator 


frequency’s 
@ &) Set the cpevating frequency so that the instrument situated 
on the frout panel cf the I.F. preamplifier unit, (with selector 


switeh CRYSTAL CURRENTS in position AFC) reads maximum (coxp ling 
with the heteredyne is selected). This shows operation on the 
medium frequency of the klystron electron tuning range ecessore 


one page missing PORCH HOCOSCHEODOHEHEHHSOHT SHOP EHOFEHOTHE DERE OZHERO 


eoe, ceeanons 
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ecessce increases, in the opposite direction ~ decreases. 
‘ (2) Change the AFC channel amplification by turning the shaft of . 
oc) potentiometer AFC AMPLIFICATION (w22-65) located on the chassis of the IF. 
preamplifier unit. | 
(3) Choose the value of the AFC mixer crystal current. If in this 
case the requirements of Points a, b, c, d, are not complied with, check the 
ee (zero) frequency of the AFC channel discriminator and resonance 
frequency of the I.F. amplifier channels by means of signal generator SG—1 
(See "Tuning the Receiving System by Means of Signal Generator" given in the 
present Section)» 
& Se Check the stability of the ARC operation. For this purpose after 
noting the position of kneb ZONE SELECTION: | 
(a) Ghange slightly the klystron frequency by the knob cf potentiometer 
ZONE SELEOTION and make sure that the ground-echo pattern on the screen of 
the plen-position indicator tube and amplitude of pulses on the screen of 
the range indicators do not change. 
(b) Plece potentiometer ZONE SELECTION (R22-59) in the initial position 
and rotate the antenna in azimuth within 60-00; in this case the signal 
crystal current fluctuations should not exceed +04 mAo 


the direction to a near-by landmark are normal if they do not 
entail failure of AsFoCe 


Notes Sherp current fluctuations, observed when the antenna crosses 
@ 

9. Measure the ringing time as instructed under Section 5 of the 
present Chapters Enter the value obtained in the Log Book to compare it 
with the results cf the next measurements. 

Tuning the Receiving System by Echo Signal 

To tune the receiving system by the signal returned from a local 

object » proceed as follows: ‘ 
@ . 4s Switch on the stebione 
2. Shift selector switch AFC - MANUAL situated on the LF. 


preamplifier unit to position MANUAL. 
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%. Turn knobs AMPLIFICATION on the automatic tracking channel 
@ amplifier and automatic range finder units to the extreme clockwise positiom 
lo Shift selector switch MODE OF OPERATION (Wi21) to position 
MANUAL. 
5. Point tne antenna to a jandmark located within 1 and 10 km. 
6, Choose the length cf the line being tuned so that the crystal 
current is OeZ to 0,6 at minimum coupling between the mixer and cscillator. 
Operate knob KLYSTRCN FREQUENCY to adjust the klystron by the maximum 
of the echo pulse en the range indicatorse Use knob AMPLIFICATION (located 
& on the automatic tracking channel amplifier unit) to decrease the receiver 
ampiification to a value at which the echo signal will not be saturated. 
7e Adjust the ToRe cell by turning the cores until a maximum pulse is 
obtained on the screen of the range indicator. lock the cores so as not 
to disturb tunings 


Notes Unserewing the cores (inerease of the T.R. cell volume ) 
corresponds to a decrease of resonance frequency and vice versa. 


if i is found that the receiving system sensitivity worsens and the 
ground-echo pattern changes, check the eaeHene of the high-frequency . 
channel. 
@ The receiving system sensitivity may be reduced for the following 
reasons? \ 
~ The @ischarger fails to protect the crystal detector, which results 
in overloading of the detector by the direct pulse power penetrating into 
the mixer and reducing the sensitivity$ . 
~The T.R. cell caps do not fit tight to the discharger discs; 
- There is carbon deposit in the loop coupling the feeder line with 
the T,R. celig | 
@ ~ Poor contact between the central movable and fixed conductors of 
the tuned sector cf the Line; 


- Poor contact between the crystal detector holder and the mixer 
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connector contact star and between the crystal and the immer conductor of the 
@ feeder line and the T.Re cells 
- The crystal detector has low sensitivity. 
Replacement_and Selection of Orystal 
The features characterising the malfunction of the signal mixer 
erystal are as follows: 
= Reduction of the receiver system sensitivity at its normal tuning; 
- Appreciable rise of the noise level on the range indicators when 
the oscillator is switched ons | 
& - Appreciable drop of the crystal current as compared with the current 
at previous connections and failure to obtain the normal current value by 
meens of available tuning controls (the same is true also for the AFC 
mixer crystal). 

On finding out the above symptoms replace the crystals 

Before installing the crystal in the mixer measure its forward and 
reverse resistances by crystal detector meter IXD-1. The forward 
resistance should be from 350 to 500 chms, the reverse resistance ~ not less 
than 5 kilohms, 

When the erystal is operating keep it free from knocks, heavy jolting 
and dirt. 

When replacing the crystal, paceeea as foliows: — 

4. Switch off high voltage of the transmitting system. 

2, Remove the adapter connector from the mixer. 

3, Take the crystal gently out of the lead holder and screw a new 
crystal in the threaded holes of the erystal holder, seeing that the 
crystal is conssaatly shorsed oy the fingerse 

e@ he Insert the crystal in the mixer. In this case hold the crystal 
with the fingers touching both electrodes and mixer body at the same time 


(to carry off accidental electrostatic charge)» If the crystal is handed 
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over to another person do it after touching his hand. 
€ If the crystal cannot be placed in position when lightly pressing it, 
@o not increase pressure but instead inspect the crystal (and. mixer) and 
find the cause of trouble. 
5. Screw the adapter connector tightly on the mixer and the feeder. 
connector of the I.F. preamplifier on the adapter connector. 
When chocsing a crystal make sure that its noise current is minimum 
and ringing value is maximume For this sumposs plug instrument AVO+5 
(scale 60 mired) into socket DIODE CURRENT (G2-1) of the range channel 
& amplifier unit ond measure noise currents Instrument CRYSTAL CURRENT 
should read 0.2 to 0.6 mA ot maximum ringing time on the screens of the 
range indicaters, The noise current value oe considered normal if the 
current equais 8 to 15 microA at the receiver maximum amplifications 

After that egwitch on high voltage and tune the high-voltage elements 
of the receiver system by the meximum ringing (See Section 5 of the ueesene 
Coapter')o If the ringing value is not less than that cbtained previously 
(with the same magnetron) leave the crystal, otherwise choose another cone 

. repeating the above operations. 

When. replacing the crystal of ihe AFC mixer check for evidence of 
crystal current (at least 0.2 mA) and for normsl operation of the AFC system 
(See "Tuning and Checking the AFC System", Section 4. of the present 
Chapter). 

Kiystron Replacement 
The kiystron is damaged, ifs | 
-~ Instrument CRYSTAL CURRENTS indicates no current with the local 
oscillator rectifier operating. 
®@ ~ Crystal currents ave uwastable with the receiver system tuned, 
operating conditions of the oscillator normal, contacts of the receiver high- 


frequency channel eiements in orders 
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— The klystron frequency changes continuously or by steps with time. 
@ - The value of echo pulses during the station eperation and ringing 
value are unstable when tuning by the echo boxe 

Before replacing the Klystron check the station for proper tuning as 
instructed above. 

Replace the klystron only if you are absolutely sure that the local 
oroillator voltages are set Seely. and the receiver system and station 
high-voltage channel are tuned. 

Replace the klystron, in the following sequence: 

© 4. Disconnect the cables coupling the I.F. preamplifier unit with the 
mixerse Disconnect the cables running to the mixers from the klystron 
chambers | 

2. Teke out the local oscillator and place it in position suitable for 
operations 

3, Remove the cable Seapine connector TO ECHO BOX with the cavity 
circuit from the lead of the klystron cavity circuit coupling loop. 

l.. Take out the cap of the klystron repeller lead. 

5e Loosen the stop screw in knob KLYSTRON FREQUENCY and remove the 
knode | 


6. Unserew the screws securing the klystron cavity cirevit to the 





front panel, holding the cevity circuit with a free hand. Take out ‘the 
cavity circuit gently (toward the chassis rear) and remove the valve sockst 
from the klystron base. | 

Je Unserew the upper and lower clamping rings in succession from the 
klystron cavity circuit and remove the clamping split washers. 

Slacken ths Rocking nuts and unscrew the oscillator tuning cores. 

& 8. Unserew the sceewe elemping the halves of the klystron cavity 

circuit, separate them and remove the klystron after noting its positione 


9, Wash the kiystron cavity circuit, tuning cores and a new klystron 
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with alochol (to remove dirt, metal shavings and dust, oxidation and finger 
smudges ) and dry them out 

40. Insert the new klystron in one half of the cavity circuit and 
connest poth halves, care being taken not tc crush the dise loads of the 
klystron eens Serew in the clamping scrcws and closely tighten both 
halves of the cavity circuit by turning them evenlyo 


toe Insert the claps split washers in the disc lead of the upper 
klystron grid. 

Serew in the upper clamping ring carefully so as not to break the 
klystrona Make sure that the split washers are in place and do not overlap 
each cthers Likewise insert the split washers in the disc lead of the 
lower klystron grid and screw in the clamping rings 

42. Sexew the tuning cores in the klystron cavity resonators — 

1%. Carefully put the valve socket on the klystron base, place the 
iyeteen cavity circuit in position and secure with SCLEWS.e 

jie Attach the cable, coupling cornector TO HCHO BOX with the cavity 
circuit, ta the circuit coupling locp ieade 

45. Place the oscilleter tuning knob in position andsecure it with a 
stop Screwe 

16, Place the unit in positions 

fiane the receiver system as instructed in this Section. 

Notes Place the leops coupling the civatron cavity resonator with 
‘the mixer and connector TO ECHO BOX in parallel with the 
vertical axis of the cavity resonator and secure them by a 

locking nute When tuning the oscillator see that the 


tuning cores in the klystron cavity resonator are screwed in 
to an even depth. 


A 


Replacement and Selection of Discharge Valve 26-5 
The features characterising the malfunction of the discharge valve 

are as follows: | 
- Drop in the receiver system sensitivity at normal tuning of the 


system and normal sensitivity of the intermediate~fre quency amplifier 
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checked according to Section "Tuning the Receiver System by means cf Signal 
@ Gansrstox®: | | 

~ Sharp decrease of the signal mixer erystal current and failure to 
ebtain normal value of the crystal current. 

The discharge valve quality may be determined by the valve current. 
Therefore, check first of all the current value of the discharger valve for 
which purpose: | 

“ee With the transmitter high-voltage off remove the ignition electrode 
on the T.R, cell and place instrument AVO—5 (scale 300 microA) in series 

@ with the ignition circuite 

~ Apply transmitter bias ana record the discharger current value 
which should be within 80 and 200 microA. 

The discharger proves faulty if the current value is abnormal or there 
is no aetents In this case overhaul the T.R. cell and check the discharger 


for ccntinuity and make sure that there is contact between the ignition 


Check the discharger current value periodically at least once a 
“months if the discharger current value considerably differs from those 
measured during previous checks replace the dischargere 

To replace the discharger, proceed as follows: 

1. Switch off the stations 

2. Remove the magnetron observing the rules and sequence of operations 
mentioned in Seotion 3 "Magnetra Replacement". 

3, Cut off the T~juncticn from the feeder of the antenne-feeder 
system. 

he. Cut off the ceb}es on the klystron cavity circuit that run to the 
| & mixers as well as the cables running from the mixers to the I.F. 

preemplifier unite 
5. Unscrew the screws securing the T.R.s cell to the support and 


eo »/ remove 
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remove it from the magnetron compartment. 
@ 6. Dismantle the T.R. cell for which purposes 
~ ise the screws fastening the upper and lower cell covers and 
remove the latter. 
~ Unscrew the screws clamping detachable half~rings of the T.R. cell, 
care being taken not to damage the rubber gaskets and discharge valves 
Take out the rubber gaskets and part the half-rings. 
~ Remove the discharger having noted the way the copper-gilded discs 
are inserted oA the detachable half=-rings. 
@ | ~ Loosen the locking nuts and screw the tuning cores out of the helf~ 
ringse 
7» Wash the half-rings : nied cores and new discharger in alcohol, 
and dry them. In this case remove metal shavings and dust, traces of 
@ oxidizing, dixt and finger~prints from the threaded parts and cavity of the 
detachable half-ringse | 
| 8, Make sure that the mixer coupling loop’ is placed in parallel with 
the vertical exis of the T.Rs cell and the mixer is properly secured in the 
half-ring. ef the TeR. cell. 
& 9, Inserts the new discharger and assemble the celle In this case: 
- The dissharger should be inserted in the half~rings without 
| applying force and be freely turned by hand when the covers are not 
tightened (deformation of the discharger disc edges is not tolerated)» 
~ Before tightening the covers the discharger should be centred in the 
half-ringse 
~ The spring contact of the ignition electrode in the cell cover should 
be placed so as to ensure the contact in symmetry with the centre of the 
@ discharger base (this is checked by the scratches on the base siocuced by 
sharp edges of the spring contact). 


- The screws should be uniformly tightened around the edges of the 
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covers to ensure their correct installatione 
Should the above requirements not be complied with, the discharger may 
be damaged. 
10. Place the TeRe cell in position. Screw in the screws securing it 


to the support by hand and attach the T-junction to the feeder. 


it. Install the magnetron carefully if an operating one is used (it is 


' desirable that a faulty magnetron should be used when installing the ToRe 


cell). 

42, Arrange the T.R. cell so that the axes of the union nut, T-junction 
and feeder are on the same straight line, and then fix on the siees 
Tighten the screws of the feeder joints evenly to estabiish reliable 
connection, care being taken not to disturb the setting of the T.R. cell. 

13. Install the operating magnetron as lgatrusted under Section 3 
"Magnetron Replacement". 

tle After the new discharger has been placed in position tune the 
station to the maximum ringing. Record the obtained ringing value and make 


sure that the ringing value does not fall after two hours of operation. 


Otherwise, replace the discharger again and check the quality of the T.Re 


cell assembiys 


Tunings and Checks Made After Replacing 
Diseriminator (Valve 6H6S 


When replacing discriminator valve 6H6S make sure that conditions 
mentioned in Items } to 7, Subsection "Tuning and Checking the AFC System" 
aes fulfilled. Ifnot, adjust the discriminator zero frequency as instructed. 
under Section “Tuning the Receiver System by means of Signal Generator" (Sub- 
section “Tuning ané Checking the AFC Channel by ‘sins of Signal Generator"). 


Tuning the Receiver System by means 


of Signal Generator SC-1 


ne ee et cae Ore ne a a a ee en IN my cma SOR Ste Se 


2 > a me ah eas ee i as eee 


The receiver I.F..amplification is checked by the signal generator 


SECRET eete 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


EOS Ee ES AR nn men pe ne, 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


Euyt! 


SG-4 as show in Fige 264. In this cases 
@ » Determine the resonance frequency of the receiver I.Fo amplification. 
~ Measure the volt-ampere aveceeristle of the detector and determine 
the amplification factor of the IoF. amplifications 
- Measure the pass band width of the receiver IoF. amplifications 
- Measure the I.F. amplification sensitivity. : 
The construction of the mixer equivalent through which the signal 


generator is attached to the apyae of the I.F. preamplifier unit is shown 


in Fige 262. 


oe ee ee es ee ee ee ee ee ee eee 





« Use the Siveast shown in Fige 260 for which purpose? 

- Connect the cable running from the signal generator SG-1 output to 
-the mixer sauieaients | 

@ _« Attach the mixer equivalent output to connector Zw22-2 of the IF. 

preamplifier unit by means of the cable coupling the mixer with the unit 
input. | 

2, Set jumper 1-3 on the amplifier unit of the automatic tracking 
chennei in position +120 V. Turn the shafts of potentiometers AUTOMATIC 


@ SENSITIVITY CONTROL (R1-21), NOISE LEVEL SETTING (R2-3) and knob 


AMPLIFICATION (Robles R7~99) Tocated on the amplifier units of the automatic 
tracking channel end automatic range finder clockwise as far as they will go 
(to the maximum amplification position). 

3, Connect instrument AVO~5 (scale 60 micros) by means of a plug to 
gack Gi~i of the autcmatic tracking channel amplifier unite 

he Switch on the receiver rahe 

5. Switch on the signal generator to produce sustained oscillationse 

y | 6. Ses the velue of ihe signal generator output signal at 15 micreV 


to check the avtomatic tracking channels 





7. By rotating the knob that changes the signal generator frequency 
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determine the resonance frequency a the automatic tracking channel 

@ amplifier by the maximum indication of instrument AVO-5. The frequency 
should be within 3040.25 Mc/se 

To check the resonance frequency of the range channel amplifier, take 

all measurements prescribed in items 1 to 7 below, having plugged instrument 
AVO-5 in jack G2—4 of oe range channel amplifier unit. In this case set 
the cutput voltage of the signal generator at 40 microV. The resonance 
frequency of the range channel amplifier is considered normal if it differs 
from that of the automatic trasking channel amplifier by not more than 


® 4023 Mo/se 


— a eee ne =a a he 
— a <a we Ee er ED aa oe a ee aT 


— ee ee 


The detector volt-ampere characteristic is measured to determine the . 
@ amplification factor of ie receiver system and is obtained by means of the 
signal generator SG-1 and valve volt meter WKS~-7B. 
In doing this proceed as follows: 
4, Use the measurement circuit as shown in Figs 260. 
2, To measure the volt~ampere characteristic for the automatic 
@ tracking channel, attach the valve voltmeter WKS-7B to the input of the 
detector of the automatic tracking channel amplifier unit between point 4 of 
valve Vie/ and chassise 
Netes Valve Vi-7 must be inserted in the Cuige socket, Make the 
connecting wire running from point 4 of valve Vi-7 to the 
contact of the radio-frequency head of the voltmeter as short 


as possible. 


f 


f 


3, Shift selector switch W1-3 to position +120 V. 
he Switch on the receiver systems Reduce the receiver system 


amplification by knobd AMPLIFICATION until the readings of instrument £VO-5 





stop decreasinge Note the instrument reading (which equals the initial 
detector current). 
5e Switch on signal generator SG-1 to produce sustained oscillations 


SEGRET eoe/ and set 
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and set the resonance frequency of I.F. amplification, 
® Having obtained the indication on the valve voltmeter change the value 
applied from the signal generator and enter the voltmeter and microammeter 


readings into the table as follows: 


Valve voltmeter WKS-7B AVO-5 instrument 
readings, ' readings, micro A 





Use the obtained values to draw a graph of the volt-ampere 
characteristic of the second detector plotting the voltage values in volts 
@ measured by the valve voltmeter on the X-axis and values corresponding to 
| the type AVO-5 instrument readings in micro~amperes on the Y-axise | 
6. The volt-ampere characteristic of the range channel is measured 
similarly to that of the second detector, the valve voltmeter WXS-/7B being 
connected to point 5 of valve V2-2 and chassis, whilst the microammeter to 
® jack @2-1 (DICDE CURRENT) of the range channel amplifier unit. 


Note: The measured volt-ampere characteristics are valid until valves 
Vi-7 (6H6S)and V2-2 (6H6S) are replaced. 


7. To determine maximum amplification factors of the channels, turn 





the shafts of potentiometers AUTOMATIC SENSITIVITY CONTROL, NOISE LEVEL 
SETTING ana knob AMPLIFICATION to their extreme clockwise positions and 
place jammer Wi-3 to position +120 V. 
8. Switch on the receiver systems Determine the detector voltage 
®@ input caused by the system set noise according to the readings of instrument 


AVO-5 and detector volt~ampere characteristic. 


9, Switch on the signal generator to produce sustained oscillations, 
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Set the generator frequency equal to the resonance frequency of the I.F.A. 
channel and the following output voltages: 

@ | - 15 microV to check the amplification factor of the automatic 
tracking channel. 

40 micro¥ for the range channel. 

10. Using the detector volt-ampere characteristic, detemiine the 
detector input voltage increment caused by the signal. 

The amplification factor for both channels is determined as the 
quotient of the output voltage divided by the value cf the input voltage 
applied from the signal generator SG-1e 

e@ The amplification factor should amount to: 
- automatic tracking channel - at least 200,000. 
- range channel - at least 75,000. 


Measurement of Pass Band Width of I.eF. Amplification 
of Automatic Tracking and Range Channsls 


@ To measure the pass band width of I.F. amplification, make all 
switchings mentioned in Items 1 to 6 of Sub-section "Determining resonance 
frequency". 

The pass band should be measured as follows: 
1. By changing the signal generator frequency within 27 and 33 Me/s 
® (in 0.5 Mc/s) note the microammeter readings corresponding to different 
frequencies. 


Enter the data into the Table given below: 


Signal generator Se-t . Readings of 
frequency, Mc/s ao AVO~5 instrument, 
microA 





Note: When changing the signal generator frequency, see that the 
generator Cue rnKe is constant. 
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2, Use the cbtained values to draw a graph of the frequency 
& characteristic of the automatic tracking channel by plottirg frequency 
values on the X-axis and the current eid read by instrument AVO—5 on the 
Ymaxise 

3, Switch off the signal generator supply and measure by instrument | 
AVO-5 the value of the detector current caused by the receiver noise. 

When measuring the frequency characteristic for the automatic tracking 
chennel, set the channel amplification at 200,000 to 220,000 according to 
the values of the yolt-ampere characteristic by using variable resistor 

@ R1—21 (AUTOMATIC SENSITIVITY CONTROL) o The pass band is determined at a 
level. of 0.5 of the maximum indication of instrument AVO-5 at the resonance 
frequency minus the ncise current. 

To measure the frequency characteristic for the navies channel, plug 
instrument AvO-5 (for 60 microA) in jack G2-1 of the range channel amplifier 

@ unit. The output voltage of the signal generator must be set at 4.0 microV. 

The pass band for the range channel is determined similarly, but the 
channel amplification is set by variable resistor R2-3 (NOISE LEVEL SETTING) 
at 75,000 te 85,000. 

The pass band measured by this method should amount to: 

® - = 2,2 to 2.8 Mc/s for the automatic tracking channel; 

~ 3 to 366 Me/s for ne range channels 

To measure the I.F. amplifier sensitivity, use the circuit as shown 
in Fige 2606. For this purpose proceed as follows: 

42 Switch on the receiver systems 

2. Place jumper Wi-3 on the automatic tracking eharet amplifier 

e unit in position +120 V. ‘urn shafts of potentiometers AUTOMATIC 
SENSITIVITY CONTROL, NOISE LEVEL SETTING and krob AMPLIFICATION all the 
way clockwise (maximum amplification). 


svea/3e 
SEGRET 
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3, Determine the receiver noise current (4 ) by instrument AVO-5. 


“noise 
@ 4. Determine the detector initial current Ci) measured with knob 
AMPLIFICATION in the extreme counter-clockwise positions 
5. Switch on the signal generator to produce sustained oscillations. 
Set the generator frequency equal to the resonance frequency and by Guanes 
its output voltage set such a value of the output signal at which instrument. 
AVO-5 reads double value of the noise level minus the diode initial current, 
LeCe 
4 signal Pag tack 
© The cbtained value of the signal generator SG-1 output voltage 
corresponds to the receiver system sensitivity for I.F, amplification, and 
should be: . 

~ for the automatic tracking channel: | not worse than 8 microvolts}3 

~ for the range channel: not worse than 7 microvolts. 

Besides, it is possible to determine the receiver syatem sensitivity 
including the high-frequency channel ‘from the antenna head input) by means 
of tester RT-10 (See Section "Checking the Receiver System Sensitivity by 
Tester RT~1 0"). | 

If the measured parameters differ from the values specified in the 
above Section obtain them by valve selections In this case the valves mst 
be checked by a valve tester beforehande 

When valve selection yields no satisfactory results tune the IFA. 
stages “7 changing inductance of the circuit coils by means 01 cores. 

For tuning purposes use the circuit as shown in Fig. 26%. 
When tuning, preceed as follows: 
& 14. Tune all the I.F.A. stages by the maximum readings of instrument 
AVO-5 to the intermediate frequency beginning with the final stage of the 
channel. | 
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2. Determine the resonance frequency of both I.F.A. stages. 

3. Determine the pass band of each channel. In case the band is teo 
narrow widen it by slightly detuning some I.FeA. stages (mainly final) 
in amplifier units cf both channelse 

he Check the receiver system sensitivity for both channels. If the 


sensitivity is poor select valvé V22-8 in the I.F. preamplifier unit. 


—— sme sume — oe — se ea ee 


Check how the AFC system is tuned consulting the block-diagram shown 
in Figs 263. In doing this, proceed in the, following sequence? 

1. Attach the cable from the signal generator output to the mixer 
equivalente 

2. Couple the mixer equivalent output to connector Zw22-1 I.F. 
PREAMPLIFIER through the cable (oomeating tie mixer to the I.F. 
preampiifier input). | 

3. Comect instrument AVO-5 (scale 3 V). to point 8 of valve V22-) and 
chassis. | . 

e 4. Apply a signal cf 20 mV from signal generator Sc -1 and, while 

varying its frequency within 27 and 33 Mc/s (at the constant generator 
output voltage) enter the voltage value measured by instrument AVO-5 


(Usutput? in the Table given below: 


fcarrier'Me/s 








5e Use the obtained value to draw a graph of the discriminator 


g E CRET ooe/X-axis | 


_frequency characteristic by plotting frequercy values in mega-cycles on the 
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X~axis and cutput voltage values in volts on the Y-axis. 
€ In this case the characteristic should be positive on frequencies 
lower than the cross-over frequency and negative on frequencies higher than 


the cross-over frequency (See Fige 76). 





6, Use trimmer capacitor C22-12 (in the plate circuit of valve V22-3) 
to eptaiy as symmetrical discriminator characteristic as possible. 
7» Use trimmer capacitor C22-14 to set zero of the discriminator 
characteristic to a position at which the frequency equals 30+0.15 Mc/se | 
The discriminator frequency characteristic may also be determined with | 
6 the pulse amplifier sige taken into account (V22-5). In this case | 
procsed as follows: 
4. Flug the vaive voltmeter WKS-7B in jack G22~1 (MONITORING). 
26 Feed out the signal generator SG-1 pulse with 30 per cent 
@ intermodulation, 2 to 5 mV, within a frequency band covering 27 to 33 Mc/s 


and measure the frequency characteristice 


Note: When measuring the output voltage, do not take into account 
the voltmeter initial indication. 


When finding the characteristic curve, plot (assumingly) the 

cutput voltage values on the Y-axis as negative at lower than 

cross-over frequencies and as positive at higher than cross- 
@ over frequencies. 


It is possible to determine the discriminator band width and the AFC 
channel amplification by the frequency characteristic. The band width is 
determined by two maximum values of the output voltage: it should be equal 
to 263 to 3.3.Me/s. The amplification factor is determined on any maximum 
of the frequency as the quotient of the output voltage value divided by 


the value of the signal generator SG-1 input voltage. 


Eoutput mV 
eo nV 


input 
& and should te at least 1,500. 


Checking the Receiver S$ 





rstem Sensitivity by Tester RT-10 





Tester RT-10 may be used for checking the operation of the station 
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receiving channel and for obtaining optimum tuning cf the high-frequency 
& elements of the receiver system with a view to Sct tieiing the maximum 
radar ranges 
Prior to measuring the sensitivity tune the high-frequency channel 
to maximum Begins as instructed under Section 5 of the present Chapters 
When ges with tester RT-10, follow the operating instructions 


that come with the instrument. 


ee eee en ore oe ee eet 


— —— — 2 oe — a en) om owe ae 


; @ When preparing the station, proceed as follows: 





1. Determine the inagietbon frequency by means of the echo boxe 

2, Switch off the transmitter high voltage without switching off the 
bias voltage. 

3. Remove the antenna head and replace it with the adapter. Connect 

@ the adapter with tester RT~10 by means of 5-m, cable RK-29. 

1. Prepare the tester for operation according to the operating 
instructions, switch it on and allow it to warm up for at least 20 mine 

5. Set the maximum amplification of the meceives system by turning 
knobs AMPLIFICATION of the amplifier units of this automatic tracking channel 

@ and automatic range finder fully clockwise. | 

6e Connect jack DIODE CURRENT of the range channel amplifier unit with 

instrument AVO-5 (scale 60 microA) by means of pilot cable Noe te 


7. Shift selector switch MANUAL - AFC to position MANUAL. 


— se ee ee — ee ee ne sy fee 


When measuring sensitivity, proceed as follows: 
4. Tune oscillator RT-10 according to the chart, supplied with the 
& instrument, to the magnetron operating frequency in continuous-wave: 


operations 


eo o/ 20 


SECHEL 
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2, Set the oscillator attenuator to such a position at which the 
@ signal power attenuation is about 40 dbe | 
2, Adjust the frequency of oscillator RI~10 according to maximum 
readings of instrument AVO-5, by rotating knob OSCILLATOR FREQUENCY. In 
this case see that the avometer AVO-5ii pointer does not overshoot, for which. 
purpose change the oscillator attenuator peanenshed . 
. he Adjust the T.R. cell and klystron oscillator by knobs KLYSTRON 
FREQUENCY and REPELLER VOLTAGE to obtain maximum readings of instrument 
AVO~5M. 


@ , 5, Measure sensitivity of the receiver system for which purpose: 





~ Shift selector switch CALIBRATION ~ MEASUREMENT, situated on tester 
RT~10 to position CALTBRATION and put down the readings of instrument AVO-5M 
which measures the detector current caused by the receiver system noise 
@ Aoies) : 
~ Turn knoks AMPLIFICATION lowated on the amplifier unit of the 
automatics tracking channel or automatic range finder unit fully counter- 
clockwise and put down the readings of instrument AVO-5 which measures the 
detector initial current (i,)s 
@ ' - Shift selector switch CALIBRATION — MEASUREMENT to position 
| MEASUREMENT and weit 2 or'3 mine 
- Set the attenuator of oscillator RT-10 so that current i measured 
by instrument ANO=5M equals double the value of the detector current 


caused by the receiver system noise minus the detector initial current: 


noise ~ to 


i= 24 
~ Read the value of the RT-10 oscillator output power attenuation (in 
@ db)' on the attenuator scales Add to the value obtained the attenuation in. 
the adapter and cable (about 4. - 5 éb) determined by the correction chart 
(for the instrument and able). 


The correction chart is made up by taking a series of comparative 


measurements of the receiver system sensitivity within the operating band 
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with the aid of tester RT-10 using the cable supplied with the instrument 
@ and a long measuring cable. The difference in values of the output power 


level will characterise attenuation in the measuring cable and adapter. 


he obtained total output power attenuation of oscillator RT-10 (in db) 
characterises the station sustained oscillation sensitivity and must be of 
the oréer of 70 db below 107 We 


Measuring the sensitivity in pulse_operation _ 


es ee ee neni 


by plan-position indicator) 
When measuring sensitivity proceed as follows: 
S 14» Feed out a pulse from jack G8-% 2 ce the range unit to connector 
EXTERNAL SYNCHRONISATION cf instrument RT-10. 
2. Shift switch PULSE - CONTINUOUS WAVE to position PULSE. 
3. Shift switch CALIBRATION - MEASUREMENT to position CALIBRATION and 
calibrate the output power of tester RT-10 according to its operating 
@ instructions. 
ho Using the chart data set the duration of the pulse from oscillator 
RT-10 at 0.5 microsecs by operating knob PULSE DURATION. 
5. Use knob DELAY TIME located on tester RT~10 +o set the delay so 
. that the pulse does not coincide with the range marker on the plan~position 
e indicators 
6. Adjust the tester oscillator by the maximum pulse amplitude on the 
screen of the coarse range indicater (cut in the attenuator if the pulse 
is saturated). 
7. Adjust the eseteon oscillator (by means of knobs KTYSTRON 
FREQUENCY and REPELLER VOLTAGE) and T.R. cell until the maximum amplitude 
of the pulse from tester RT-10 is obtained on the screen of the coarse 
® range indicator (cut in the attenuator if the pulse is saturated). 
8. On the attenuator scale read the db less of the tester oscillator 
cutput power at which a pulse display of 0.5 microsec. duration fades out 


SECREI 


ee-/on the screen 


v 
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se | 
on the screen of the plan-positicn indicatcrs 
@ | The cbtained value of the oscillator output power loss characterises 

‘the ‘station sensitivity in pulse operation and must be by 3 to 5 db higher 
than the sustained oscillation sensitivity» 

After tuning the high-frequency channel and obtaining the value of 
sensitivity that complies with the above data, proceed as follows: 

.4,. Remove the adapter from the cable and place the antenna head in 
position. 

2. Switch cn the transmitter high voltage. 

@ %, After the magnetron has been heated check the tuning of the 
receiver system by the maximum ringing as instructed under Section 5 of the 
aouent Chapter 

le Check the operation of the AFC system as instructed under 
Sub-section "Tuning and checking the AFC system", Section 4 of the present 


@ Chapter. 


5. CHECKING OPERATION OF STATION 
BY MEANS OF ECHO BOX 


The echo box may be used. for measuring the frequencies of the 
transmitter magnetron oscillator and receiver local oscillator, making 
@ | relative checks of the magnetron oscillator power output, analysis of 
: frequency: spectrum of the aera Gisndy pulse, checking of the stations 
To check the picuation cf the station with the help of the echo box, 
prepare first the echo box for cperations 
Preparing the Echo Box for Qperation 
fo prepare the echo box for operation proceed as follows: 
14. Fix the rod bearing the echo box antenna in the rear left corner 
cutside the trailer with the aid of the bracket. 
S 2. Couple the er cable connector with the echo box cable 
( | connector located in a recess on the outer left-hand wall of the trailers 


ovo/Note 
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Note: When the echo bex is not used keep its antenna with tube rod 
and cable in the cabin on the main control board. After the 
©} cable has been disconnected close the connector on the trailer 
outer wall with a cape 
3. Reciprocally orient the antennas of the station and echo box to 
obtain maximum coupling between them, For this purpose fix the echo box 
antenna on the supporting tube rod so that it is aimed at the station 
antennae Grasp the reflector bracket and aim the station anteina at the 
echo box antenna horne After that rotate the antenna head manually 


(REFERENCE VOLTAGE GENERATOR and INTERLOCKING must be off) to set the 


dipole in a horizontal position in parallel with the echo box antenna 





& radiator. In this case the dipole half located ‘on the outer surface of the 
feeder must be positioned on the right as viewed from the echo box antenna 
sides 

The echo box measurements may be taken not less than 10 min. after the 
& station is switched ons 
Tuning the Receiver System 
To tune the receiver system, proceed as SiiGwes 
te Basse the echo tox for operaticn. 
2, Switch on the statione. 
@ 3. Rotate the echo box knob to tune the echo box to maximum reading of 
its indicators 
| 4.0 Turn knobs AMPLIFICATION located on the amplifier units of the 
automatic tracking unit and automatic range finder fully clockwise, shift 
selector switch MCDE OF OPERATION to pesition MANUAL and selector switch 
AFC ~ MANUAL located on the I.l's preamplifier unit to position MANUAL. 
5. Rotate the station antenna in azimuth apd elevation by the 
handwheels to cbtain meacimum ringing time on the screens of the range 

@ . indicators (switch INTERLOCKING is.on). 

Note: Even with the receiver system greatly detuned the screens of 
the range indicators will show a noticeable stretching of the 


direct transmitter pulse on account of the ringing pulse when 
tuning the echo box cavity resonators 


SEGRET | 
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6. Use knobs KLYSTRON FREQUENCY and REPELLER VOLTAGE to adjust the 


@ oscillator frequency until ringing of long duration (of the order of some 





ba thousand metres on the scale) is obtained on the screen cf the course 
range. tubes | 
7. Slacken the locking nuts of the TR cell adjusting screws and 
adjust the T.Re cell to maximum ringing by rotating the screws, after which 
secure then with the locking nuts. 
85 Using the mixer adjusting sorew, set the value of the mixer crystal 
current at 0-2 to Oo6 mie Select the length of the iis being sasusted 
@ and coupling with the oscillator (by the mixer adjusting screw) so that hs 
noises current neacanee by instrument AVO-5 (scale 60 microA) wedae iia to 
jack G2-1 is minimum at the maximum ringing values | 
The matching of the mixer with the klystron oscillator should ensure 
continuous variation of ringing and crystal current of the signal on a 
section of at least half one vane GF ringing fon the scale) when changing © 
the klystron oscillator frequency by ‘mcb REPELLER VOLTAGE on either side cf 
the ringing maximums Noticeable current jumps, fading and flickers of 
ringing on tie section of cortinuous slope should not ii Speorveak 


Note: Meke the adjustments specified in this point several times 
@ as they are interconnected. 


9, Determine the ringing time by measuring the distance to the point 
in which the echo box signal fades into the background noise (Figs 237)e 
Take readings cff the screen of the fine range indicator. For this 
purpose turn knob STRCBE WIDTH Cideated on the range unit panel) clockwise 
so as to brighten approximately two revolutions of the sweep on the screen 
of the fine range indicators Align the reference mark of the fine range 
indicator disc madc of plexiglass with the point in which the echo bex 
. @ signal fades into the background noise (Fige 237, b). Take readings off 
the range scale aligning the first spot of the electronic marker with the 
reference mark of the disc. The position cf thisvpoint is independent of 


. SEGRET 
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those of knobs AMPLIFICATION situated on the panels of the automatic range 
& finder and automatic tracking units and knob NOISE LEVEL SETTING cn the 


panel of the range channel amplifier unit as long as the noise with an 





amplitude of at least 1 mm is seen on the tubes. 

Notes To estimate the changes of the receiver system amplification 
factor when making complete tuning of the high-frequency 
channel, use is made of the value of the saturated ringing 
section up to the point in which the noise begins to appear 
above the saturation level. As shown in Fige 236 the size 
cf this Section is mainly dependent upon the amplification 
and saturation level of the receiver system, but it does not 
characterise the system sensitivity and cannot be used for 
comparative checking of the station high-frequency elements. 

eS ; When determining the ringing time, make sure that the ringing pulse 
end does not coincide with the signals returned from a cluster of ground 
features, which may distort the measurement resultse 

40, Compare the obtained ringing time with the value found earlier 

when tining the station high-frequency elements ang entered in the Log 
& Books With selector ewitch AFC ~ MANUAL in both positions, the measurement 
difference shoulda not exceed 150 mo 

This comparative checking may be made only when the same magnetron is 

used because the duration of oscillations in the echo box circuit depends 
upon the magnetron frequencys 

& It shoulé be borne in mind that sometimes variation of the ringing 
time (with unchanged tuning of the receiver system) may result from some 
changes in the transmitter system and antenna~feeder system when replacing 
the echo box crystal, changing the magnitude of coupling in the echo box ana 
when disturbing the contacts in the high-frequency connectors of the echo 
box cablese 

41, After the checking or tuning of the receiver system is over, 

e detune the cavity resonator of the echo box so as to minimise the ringing 


pulse duration on the screens of the range indicatore 


oa ./Checking _the 
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Checking the Transmitter System Operation 





@ Meesuring the magnetron oseillatern frequency 

When measuring tne magnetron escillator frequency with the aid of the 
echo box, proceed 2s follows: 

40 Rotate the knob of the echo. box to tune it in resonance with the 
magnetron oscillator frequency; the resonance point is determined by the 
maximum reading of the echo box indicator instrument. 

20 Note the position of the echo box scale at the maximum reading of 
the instrument indicatore 


\ 
reading of the echo box scale by the calibration charte 


@ 3. Determine the magnetron oscillator frequency corresponding to the 


Checking the relative power radiated by antenna 
Do operations as instructed under Points 1, 2, 3, 4 and 5, Sub-section 
"Tuning the receiver system", Section 5 of the present Chapter to obtain the 


@ maximum reading of the echo box instrument indicator, Compare this 





reading with those of the instrument indicator entered in the log book of 
the stations 
ig these comparisons are done systematically, on the tasis of this, 
changes of the power radiated during the radar operation Gari be determined. 
@ The readings may be compared cnly when the same magnetron is used or when 
magnetrons having the same operating frequency are useds 
To enalyse the frequency spectrum of the isaac emission, 
proceed as follows: | 
First tune the echo box until its indicator reads a maximum values 
After that turn the echo box knob about one revolution in either direction. 
e . By slowly turning the knob in the opposite direction pass over the 
entire region of the magnetror-generated Mohienwiod. Note the indicator 
P readings and the appropriate readings on the scale. Using data obtained, 


eee/plot a 
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plot a spectrum curve of the magnetron-generated frequencies, 
e The form of the magnetron frequency spectrum is evidence of the proper 


tuning of the magnetrone Figs 263 is a representation of typical spectra 





of the frequencies generated by the magnetroe The normal emission 
spectrum of the transmitter is shown in Fige 264.5 Ae 

To make the most effective use of the antenna radiated energy 
divergences of frequencies (corresponding to the minima adjacent to the main 
maximum), should not appreciably exceed the pass band of the receiver and 
must be within 3.5 and 4.5 Mc/s (Fig. 264, a). 

@ _ If the spectrum curve has a correct form, but low height of the main 
maximum this testifies to a low plate voltage on the magnetron or 
impairment of its vacuum (Pig. 264, d)e oe ! 

If the spectrum curve has no deep minima (Fig. 264, ¢) on both sides 

of the main maximum this means that the magnetron high-frequency pulse form 
@ is incorrect. 

The presence of two maxima on the spectrum curve (Figs 26)., d) 
testifies to the generation by the magnetron of two types of oscillations 
on nearby frequencies or to pulling of the magnetron frequency caused by 
formation of standing waves in the feeder. 

@ If the adjustment of the magnetic field and high voltage do not 


improve the spectrum, replace the magnetrone 


6, PLAN-POSITION INDICATOR SYSTEM 

efore switching on the plan-position indicator wyaten check the 
position of knob BRIGHTNESS (R11~35) which should be turned fully to the 
left. | 

Switch on the power supply of the range measuring and plan~position 
& indicator systems.  Aéjust the brightness and gesuaine of the sweep trace 

on the screen of the pian-position indicator. 
Tlluminate the indicator dial by turning knob DIAL ILLUMINATION 

ooo/(R11-52)« 
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(R114~52)o 
@ Use knobs MARKER BRIGHTNESS (R11-29) and STROBE BRIGHI'NESS (R11~47) 
to set normal brightness of markers and strobe on the indicator screens 


Adjusting the Sweep Range 
By turning the shaft of potentiometer SWEEP RANGE (R11-5) located on 





the panel of the plan~position indicator unit, set duration of the sweep 
on the indicator screen so that the mumber of range markers equals sixe 
Adjusting the Sweep Linearity 
Tun the shaft of potentiometer SWEEP LINEARITY (R11-16) situated on 
® the panel of the plan-position indicatox unit to make sure that the 


intervals between the range markers on the sweep are (approximately) the 





Sane» 
Matching the Range Markers with Range Zero Reading ; 
Set the reading on the range mechanism scales at 20 kms Then using 
@ knob STROBE WIDTH located on the range unit, svt the strobe width at 300 me 


as measured by the fine range indicatcr. 





Turn the shaft of potentiometer MARKER DELAY (R11-23) located on.the 
panel of the plen-position indicator unit to match the second range marker 
with the strobe pulse pips 


Adjusting the Sweep Length 





Adjust the sweep length by potentiometer SWEEP LENGTH (R11-19) 
located on the panel of the plan-pcsition indicator unit so that the range 
markers are matched with the artillery grid placed in front of the indicator | 
screene 

Adjusting screws SWEEP LENGTH and SWEEP LINEARITY are interdependent. 
Therefore, after the sweep length has been set adjust its fancerity again 

-@ and then set the Llengéh finally. 
Adjusting the Position ef Sweep Starting Point 

The sweep on the screen of the plan-position indicator tube must 

start from the centre of the tube screen marked with a spote 
SECRET eoe/To adjust 
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To adjust the sweep starting point, proceed as follows: 
@ 4. Connect the plan-position indicator unit to the main control | 
poard by means of adapter cabiese 
2. Switch on the range measuring system, plan-position indicator and 
antenna positioning system» 
3, Shift selector switch MODE Of OPERATION to position SCANNING and 
tise gwiteh SCAN SELECTOR to position CIRCULAR. 
he Adjust the position of the focusing coi}. by means of Imcobs located 
| on the coil fixing ring (Fign 130)6« 


Tube Replacement 





When replacing the tube, put on protective goggles {against accidental 
burst). 
Replace the tube in the following sequence: 


4, Remove the plan-position indicator unit from the main control 


2, Remove wap 2 with the valve socket from the tube base (Pigs 130). 
36 Slacken screw 3 of the bracket which secures the tube necke 

ing Remove high-voltage cap 4 from the tube anodes 

5, Remove framing 5 with a light filter having unscrewed four screws 
S which secure the case to the unit front panels 

60 Replace the tubee 
e Secure the tube in placee Install the cap with valve socket and 
the high voltage cape 


8 After replacing the tube tune the plan~position indicator unit as 





instructed in the present Sections 









7. TUMING THE. ANTENNA POSITIONING SYSTEM IN 
AUTOMATTG TRACKING OPERATION 


® To tune the antenna positioning system in automatic tracking operation, 
switch on the station completely. Choose a separately located landmark 


producing a saturated signal on the range indicator screen. The blurred 


ove/portion of 
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portion cf the pulse should meke up not more than one third of its full 
@ amplitude (when estimating, adjust the receiver amplification so that the 

pulse does not reach saturation). 

Tune the system in the Pollowing sequence: 

4. Check the D.C. voltage between monitoring jack 75 V (G6~4) located 
on the automatic tracking unit and jack GROUND (G6-5).6 The voltage should 
be within 65 and 85 V. 


2, Establish 3 volts D.C. between monitoring jack 3 V (G6-).) and jack 





GROUND, wut turning the shaft of potentiometer 3 V (R6-12). 

@ 3. Using the manual control system, aim the antenna exactly at the 
selected landmark. In this case polarization of the echo signal will be at 
minimume 

By turning the range handwheel set the electric markers so that they 
are positioned in symmetry with the signal returned from the selected 
@ landmark on the screen of the fine range isdniateis 
hee Adjust the normal amplification of the eeaiyer system range channel 
(See Section L. "Checking and Setting the Receiver System Performances"). 
5, Set knob AMPLIFICATION (6-8, R6-9), situated on the front panel 
of the automatic tracking unit, at divisions 5a 

@ 6. Apply voltage to the vertical deflection amplifier of oscillograph 

LI~-125 from one of jacks COMMUTATOR iNPUT (G6~6, G6-7) located on the front 

panel of the eutomatic tracking unit. Attach oscillograph terminal GROUND 

to jack GROUND (G6=5) of the unit. 

The oscillograph screen will display the sine-wave of the error 
signal of 24. c.p.s. with the changes superimposed on the sine-wave on 
account of the signal polarization by the reflection foci the landmark. 

The frequensy of the changes is 48 capes 

Adjust the oscillograph so that its screen shows three cycles of the 
error voltage of 24 Gep.eS. and the error signal amplitude is about 1 cme 


oe ./when the antenna 
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when the antenna is off the target directicn by 0-508 

7. Using the anterma control handwheels sino the antenna exactly at the 
Jandmark so that the error signal amplitude of 2h cep.Se equals zero (the 
peaks of sine-wave, 48 copeSe, should be located on the horizontal line). 

8, Switch off the amplidynes and wait until they come to a stop. 

Then shift selector switch MODE OF OPERATICN to position AUTOMATIC. 

9. Adjust the normal amplification of the receiver system automatic 
tracking channel by turning the shaft of potentiometer SENSITIVITY CONTROL 
(R1~21) situated on the front penel of the unite Fix the spientaoustes 
shaft with a clamping nut in a position at which the signal amplitude 
becomes equal to two thirds of that. when suraesteas 

40. Turn the shaft of potentiometer AUTOMATIC GAIN CONTROL (R6-6) 
located on the front panel of the automatic tracking unit and establish 6 - 
7 mA on instrument ANODE CURRENT, 

41» Press push-button ERROR SIGNAL, OFF (W-5) situated on the panel 
of the range mechanism unit. The peuainds of instrument ANODE CURRENT 
should fall to zeros 

42s Shift selector switch MODE OF OPERATION to pesition MANUAL and 
switch on the amplidynese se the antenna azimuth handwheel to turn the 
antenna clockwise by O - 50 cff the target direction - the oscillograph 
screen will display the sine~wave of the error signal of 2). Cop.Se 

13, Measure the error voltage across jacks COMMUTATOR INPUT (G6-6, 
G6-7) with the help of the oscillograph by connecting the input of the 
vertical amplifier in succession between either jack and jack GROUND» 

Turn the shaft of potentiometer BALANCE (R6~14.) (located on the panel of 
the automatic tracking unit) to make sure that amplitudes of these voltages 
are equal. 


Note: To measure voltages more precisely, switch eff the 
horizontal sweep of oscillograph LI-125- 


44. Switch off the amplidynese Wait until they come to a stop, 


oe -/then 
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then shift selestor switch MODE OF OPERATION to position AUTOMATIC, 

@: a Notice the value of difference between the readings of two instruments 
FIELD CURRENT located on the front panel of the azimuth and elevation 
tracking unit with switch BLEVATTON ~- AZIMUTH in either position. If the 
reference voltage generator is switched on correctly the difference should 
be greater with the switch in position AZTMUTH, In this position the left- 
hand instrument should read more then 25 mA, whereas the right-hand - less 
then 25 mi (the pointers are brought together), If not interchange the 
wires runmiing to output beiiinats 3 and 5 Ge reference yoltage transformer 

@ Tri3-1 situated on the control panele 
15. Shitt selector switch FIELD CURRENT located on the front panel 
of the azimuth and clevation tracking unit to position ELEVATION. Make 
sure that both instruments readings are equal by turning the adjusting 
screw of the reference voltage generator (Figo 265)» For this purpose 
@ climb onto the cadin roof, unscrew the screws end remove the cap of the 
adjusting screw (on the reference voltage generator housing). 
Then turn the screw with a sarencadiver according to the instructions 
given from the cabins 
16 Switch on the amplidynes. Set selector switch MODE OF OPERATION 
& at position MANUAL, By rotating the antenna control handwheels aim the 
antenna exactly at the landmark. In this case the error signal (2h CoPeSe ) 
on the sédtiideranh screen will be equal to zero. Then by retating the 
antenna elevation eccntrol handwheel clockwise tilt the antenna up by 0-50 
from the landmark directions 
| 17. Switch off the amplidynes. Wait until they eee: then shift 
selector oeitel MORE OF OPERATION to position AUTOMATIC, 
18. Set the switch of instruments FIELD CURRENI located on the azimuth 
and elevation trasking unit at position ELEVATION. 
te the reference voltage generator is switched on correctly the 


left~hand instrument should read more than 25 mA, whilst the righthand ~ 


er nDe ees/less than 25 mAs 
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tess than 25 ma. Ctherwise ee the wires running to ee 
terminals 3 and 5 of reference voltage transformer Trt3-2 located on the 
control panel. | 

49. Shift the switch of instruments FIELD CURRENT to position AZIMUTH. 
Bath taseeawnte mist read approximately thc same values; If not, adjust. 
the position of the reference voltage generator stator by means of the 
adjusting screw, this time without maine the instrument readings ae but 
only reducing the available difference twices 

Mexe the final adjustment of the stator pcsition and potentiometers 
FEEDBACK in azimuth and elevation during automatic target trackings For 
this purpose when (nice the target (desirably at a distance of 5 to 10 
km. ), proceed as follows: 

- Place knob AMPLIFICATION located on the automatic tracking unit to 
position 5. 

~ Turn kncb FEEDBACK of the elevation channel counter-clockwise as far 
as it will goo The antenna will start to oscillate continuously in 
elevation: Immediately, not to lese sight of the target, turn knob 
FEEDBACK clockwise until.the fine elevation scale of the receiving selsyn 
unit moves smoothiy (without sudden dumps). 

It should be borne in mind that with large settings of knob FEEDBACK 
the pedestal movement will be : sluggish end the antenna will fall behind 
the target or overrun it» Choose the most advantageous position of knob 
FEEDBACK in sievetion. 

~ Make similar edjustment of the azimuth channel, watching the 
antenna i otion by the fine azimuth scale located on the receiving selsyn 


unit. 


azimuth and elewation and make an entry in the log book cf the station. 
To make final adjustments of the reference voitage generator slowly 


tur the adjusting serew clockwise watching the target through the sight» 
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At a certain moment the antenna begins to move in azimuth and elevation so 
& that the target visible through the aight located on the station antenna 
will move in a circle around the sight crosshairse Note the position when 
the antenna starts moving periodically in the reverse direction, Both 
extreme positions of the screw may be best determined by performing the 
above operation several times. | . 
Set the adjusting screw to the mid-position between the two observed 
extreme positions, and make sure that the automatic target tracking is 
continuous. and accurate. | 


@ Replace the cap of the reference voltage generator adjusting screwWe 


8 AUTOMATIC RANGE FINDER 
Setting the Bias of Error Signal Discriminator 

4. Set the antenna in a position where the range tubes will not 

¢ display the ground echoes. 

2, Set the automatic range finder amplification at maximum, for which 
purpose turn adjusting screw AMPLIFICATION located on the front panel of the 
unit fully clockwisee 

3, Set the detector circuit bias, for which purpose connect 

& instrument AVU-5 between jacks G7-9 and tearth" and set 50 volts, using 
adjusting screw BIASe 

he Balance the D.C. amplifier for which purpose: 

~ Remove valve V7-17 from the automatic range finder unit. 

~ Switch on instrument AVO-5 to measure D.C. voltage across jacks - 
G7-6 and G/~/e 

- Operate adjusting screw BALANCE~2 to obtain zero voltage across 


the above jacks. 





@ ~ Peplace valve V/-17« 
| 5, Make the split gate amplitude equal for which purpose turn’ 


receiver knob AMPLIFICATION fully counter-clockwise and balance the 
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system by adjusting screw BALANCE-2 (obtain a position at which the 
mechanism scales will not rotate). 
6, Rotate knob AMPLIFICATION fully clockwise to set the receiver 
amplification and balance the system with the aid of adjusting BALANWE-1, 
7. Set the cperating amplification of the automatic range finder, for 
which purpose take bearing on the landmark and during automatic range 
tracking reduce the range finder amplification by screw AMPLIFICATION until 


the electronic markers stop oscillating in relation to the echo signals 


Adjusting the Video Amplifier Am mplification 
and nd Sevting the Bias of Automatic Gain 
Control. Circuit 


After all the station systems have been tuned make adjustments of 
video amplifier amplification and set the bias voltage of the automatic 
gein control circuit. For this purpose 

4, Aim the station antenna at an isolated lenamark which produces a 
stable echo signal on the screens of the range indicators. 

2, Set the electronic marker at the echo signal. 

3, Shift selector switch MODE OF OPERATICN to position AUTOMATIC. 

he Couple connector CENTRAL ELECTRODE located on. the range indicator 
unit to jack G7-19 on the panel cf the automatic range finder with the heip 
of a pilot cable and shift switch OPERATION - CHECK situated on the range 
indicator unit to position CHECK, 

5. Turn the shaft of potentiometer FEEDBACK (R7-36) located on the 
unit panel to set an amplification of the video amplifier which will 
produce a maxcimum signal on the tube screen; the signal should be without 
noticeable clipping (jack G7-10, Fige 260). 

S. By turning potentiometer AUTOMATIC GAIN CONTROL (R7-63) located 
on the unit panel set a bias voltage of the automatic gain control circuit 
which produces om the instrument on the panel a reading of 5 to 6 mAs 

7» Disconnect the pilot cable and set switch OPERATION - CHECK to 


position OPERATION». 
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Balancing | a Automatic Henge Finder and 
Checking its eration by ] Landmark 


Make adjustments as instructed in Chapter 3, Section 2, Point 7. 


9, ADJUSTING THE FRICTION CLUTCHES OF 
RANGE MECHANISM UNIT 


Wreng adjustment of the echanisn friction clutch may increase 
rrors when determining the eas during automatic range track'ng. 
The range niscvanian friction clutches should be adjusted so that: 
- this range hendwheel set in the tracking position remains 
motionless when the range mechanism is rotated by the motor} 
@ ~ the range handwheel, set in the tracking position, can be rotated 
| by the automatic tracking motor after the mechanism is locked in the 
extreme positions (ise. outside 0 and 40 km); 
- manual range tracking (with the range handwheel tight on the 
e friction clutch), and easy rotation of the range handwheel on the friction 
clutch after the mechansim is locked in the extreme positions of the 
handwheel is guaranteeds 
When edjusting the mechanism friction clutches, meaeed as poriaws: 
4. Comect the range mechanism unit to the main control board by 
eS meens of sented cabless 
2, Remove the upper cover from the unit. 
3, Unscrew the plug located on the cover of the unit distribution 
echanism (Fige 266). 
he Feed veltage to the automatic Geuecine motor for which purpose set 
the shaft of potentiometer BALANCE-3 located on the unit panel in either 
of the extreme positions. 
5. Rotate the differential friction elasct adjusting screw loceted 
® under the plug to ensure that, with the dasiatine screw tianbenea slightly, 
the range handwheei remains motionless when the mechanism is rotated by the 


automatic tracking motor. 
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6. Replace the plug in position. 

After that check whether the requirements under point 3 are complied 
with. If not, slacken the locking nut securing the range hanawheel and 
adjust the friction clutch with the nut. 

Carefully check the handwheel for slipping on the friction clutch 
gently without jerkse 

7. Fix the nut position with the locking nut (when tightening the 
locking nut hold the nut with a wrench) « 


40, REPLACING AND INSTALLING THE TUBES 
OF RANGE INDICATOR UNIT 


Tube Replacement 

To replace the tubes of the range indicator unit, proceed as follows: 

1. Remove the range indicator unit from the main control board. 

2, Remove the tube framing after unscrewing four retaining SCrewSe 

3. Take out the discs and then gently remove the cap from the central 
tube electrode. 

lo Unscrew two screws securing ce tube scale and remove the scale 
(be sure not to disconnect the wire running to the centrel electrode from 
the circuit). 

5. Slacken four screws securing the tube socket to the screens 

G. Replace the tube. 

7. Put on and secure the scales 

8. Put the cap on the central electrode and place the discs in 
position, 

9, Attach the socket to the tube by four screwSe 

After the tubes have been replaced adjust the sweep forms, set the 
tubes by the srigger pulse and check the range zero reading» 

In the Hentions of earlier design the tubes should be replaced as 


foilows: 
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41. Remove the upper _SECREI the rear wall of the unit. 
& 2, Unscrew the central electrode protecting cap from the tubes 
30 Remove the cap from the central electrode voltage supply conductor, 
le Remove the tube socket after unscrewing the ieee securing it to 
the screens 
5. Replace the tube. 
Tube Installation 
Make sure that the range indicator unit maltivibrators are tuned 
correctlye 
S Plug the pilot cable in jack G8~-*2 located on the unit panel; a 
trigger pulse will be seen on the tube screens. 
The tubes should be installed so that the trigger pulse approximately 


coincides with zero division of the scales of the fine and coarse range 





indicators. 

@ When installing the tubes, connect the range indicator unit to the 
main control beard through adapter cables. After that slacken the locking 
nuts on three retaining screws of the tube socket and turn the tube the 


right wayo 


44, SETTING THE RANGE ZERO READING 

The renge zero should be set by correcting the position of the 
electronic marker relative to the range mechanism scales when matching the 
marker with the signal returned from the isolated Landmark the distance to 
which is known to be within 1 m. 

Set the zero range after all systems have been tuned. For this 
purpose; | 

4. Connect the renge mechanism unit to the main control board through 
® | adapter cables. If the cover on the left side of the unit has no 
cpening for the shaft of the phase shifter rotor remove the cover» 

2, Switch on the station and let it warm up for at least 20 min. 


» 
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3s Aim the station antenna at the selected landmark. Turn knob 
@ AMPLIFICATION located on the automatic range finder unit to adjust the - 
- receiver amplification so that the echo signal on the dios indicator 
sereens is not limitede 
he Set the shaft of control ZERO SETTING situated on the range 
mechanism unit in the mid-position. | 
5. Set the range mechanism so that the readings of its seales 
correspond to the distance to the landmark. 


6. Slacken the coupling that connects the shaft of the phase shifter 





@ rotor with the main shaft. By turning the phase shifter shaft set the 
electronic marker in symmetry witn the echo signale After that secure the 
coupling. 

7» Place the unit in position. Perform operations described in 














Point 5 and check the position of the electronic markere If the marker 
@ is not in symmetry with the iced reflected from the landmark set it 
correctly by turning shaft ZERO SETTING. 

8. By turning the range handwheel match. the end of the first spot of 
the electronic marker with the beginning of the leading edge of the 
trigger pulse. Enter the rosainae of the range mechanism scales in the 

@ ; ' station Log Bcok. 
| The range zero reading may be checked. by the beginning of the trigger 
pulse consulting the entry in the log booke 

‘This check must be made with the correct form of the fine range 
indicator sweep and with the properly tuned phase shifter. The 
distortion of the sweep and non-linearity of the phase shifter may cause 


a considerable fixed error in determining the range. 
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Chapter 4 


& FAULTS, CAUSES AND REMEDIES 

The station is essentially a complicated piece of Baadient saunoded 
of a number of systems which in turn consist of various elements and 
components. 

All these elements require definite conditions, proper operation and 
timely cnrantiye maintenance to ensure normal working, 

To quickly teats and, eae faults, it is necessary to have perfect 
knowledge of the station equipment, to be well acquainted with the operating 
principle of the systems and the station as a whole, and to be skilled in 

® repairing electrical and radio equipments. 

When locating a fault, use the methods mentioned below to trace which 
elements are faulty, find out the cause and correct it, 

When correcting faults, never make any alterations not provided for the 


@ circuit and specification, 


4, MAIN CAUSES OF FAULTS 


The main causes of faults are as follews: 


46 ‘Neglect cf instructions on eperation, transportaticn and storage of the 
@ station, 
26 Failure to carry out or bad preventive maintenance and oorrection ef 


located faults. 

Je Failure of the electric ise devices (valves, cathode-ray tubes, 
magnetron, klystron, discharge valve » pilot and lighting lamps) , electric 
machines (motcrs, selsyns, amplidynes, reference voltage generator, ete.) and 
‘separate elements and components (transformers, switches, chokes, magnetic 
starters, buttons, capacitors, relays, resistors, eta, ). 

: @ hee Mechanical troubles resulting in breaks, shert~circuits and reduction 
of insulance in the circuits of electric connections between the units and 
separate elements of the station, 

5e Poor contact in the connectors, feeder joints and on terminal blocks 
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because of contamination, oxidizing and burning cf contact surfaces and poor 





mechanical joint. 
@ 6s Failure of safety and paper fuses, thermal relays, measuring instruments 


and their shunts, 


2, FAULT-PINDING PROCEDURES 
To find the eause and place cf trouble, and to locate the defeotive 
component, make use of the following methods: 


a) Visual Inspection 























@ sc) Separation (Elimination) 


3) Replacement. 


Visual Inspecticn 
This method is used when locating faults in the antenna-feeder system, 
e plug and feeder connectors during the checking of the units and elements befcre 
attempting to make any measurements in them, Tenosee in the following s¢quence: 


1. Examine she unit, element or component which is assumed to be faulty. 
| 

Inspect electric contacts and other connections for mechanical damage, | 
: | 

oxidation, burning and dirxt. | 


@ 26 Cheok the temperature of elements when the station is switched off and 


on (the temperature of the station elements may exceed the ambient air 


temperature by approximately 40°), 


When testing the valves make sure that the heater or cathede filaments 
| 


are heated (valves with metal envelope should be checked by touch). 
3e When checking the electric machines and drives, check for absence of 


jamming of the rotor shafts end make sure that they rotate in the normal 


direction, Every machine or drive produces a characteristic noise jin operekroe 
| 


® which should be regularly lietensd to. An edditional or abnormal noise is 
evidence of a fault. 


he Make sure that soldered areas in the wiring are reliable and the: varnish 
| 
| 
coating is not damaged, Check for absence cf contact between the soldered areas 
| 


and the hare wires and for GRE contact to chassis. Check the earthing 
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i 
and see that the wires are properly soldered to the shields and chassis,, 
be Check for evidence cf damage to fuses and make sure that the fuse links 


e are intact, | | 

6. Check to see that the varnish or enamel coating of the elements lis not 
damaged and there are no traces of overheating or burning, 

Te Check the seiinias places which are liable to damage, 


Measurement Method (Checking the Oscillo rams and Measuring . | 
Voltage and Resistance Values 





If the fault is not found, then efter visually inspecting the system, 


unit or element which is assumed to be defective a measurement methcod should be 





@ resorted to, This method should also be used when checking the circuits of the 
electrical connecticns between the system units and station elements, 
When taking measurements, it is necessary to be well acquainted with key 
circuit diagrams and operating principles ef the separate unitS, elements and the 
@ station as a whole. The key circuit diagrams of the wit, elements and circuit 
sections to be checked as well as the voltage and resistance charts, and 
oscillograms presented in this Chapter should be taken as a basis (Sections i. 
and 5). “ 
Measurements shold first be taken in those circuits which are assumed 
& to be faulty and thea, if the initial measurements give no result check the unit 
or element step by step from the input to output, The measurements are taken in 


the following sequence: 


Measurement of Voltages 


The measurement of voltages on monitoring points and elements of the unit 
boils down to a comparison of the obtained results with those specified in the 
tables (permissible deviations taken into consideration). 


@ If the measured voltage value differs from that in the chart by more 





than 15% and its value is not affected by the adjustments made in the unit 







(which is stipulated in the notes to the tables), the fault should be sought for 
in the circuits connected with the point on which the voltage differs from the 


chart voltages CERDEF 
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When measuring voltages, use instrument AVO-5M; in emergency cases use 


aD,0, valve voltmeter LW-2, which is referred to in the netes to the voltage 


® charts, 


with the instrument set, 


The description and instructions on the use of instrument AVO~5M come 


Measure voltages ath the system fully switched on and valves inserted. 
If the voltage is to be measured on the wiring side remove the wnit from its 
compartment and connect it by means of adapter cables, 

Measure voltages across the connectors of the main control board spain 
the voltage chart of the control board with the wnit removed and other units 
switched aa: Compare the obtained results with the chart data taking into © 


@ account the. permissible deviations. 





Checking with the Aaa of an Oscillograpn 
The oscillcgrains of voltages across the monitoring jacks of the range 
system and plan-position indicator umits can be observed by means of an 
© oscillograph, type LI-i125, which is suppiied with the station standard 
equipment, - 
The description. of oscillograph LI-125 and instructions for use come 
with the instrumert set, 
Before attempting to make eny cetadnement ds calibrate input potentiometer 
@ VERTICAL AMPLIFICATION of oscillograph LI-125, Select three points for 
calibration purposes. | 
As Calibration No.1 (Pige 257, a). Set selector enitoh AMPLIFICATION (in 
the vertical deflection channel) at position OFF, Then feed the mains voltage 


of 110 V, 427 cs peSe from control panel PL13-7/4.4. to terminals INPUT of 





vertical deflection and set the sine wave amplitude on the oscillograph screen 
equal to 60 mm by means of kncb VERTICAL AMPLIFICATION, In this case the 

° @ oscillograph sensitivity for vertical deflection will be equal to 5 V/mm, 
Penoil a mark against the kncb point. 


20 Calibration No,2 (Fig.267, b). Set selector switch AMPLIFICATION (in 






the vertical defleotion channel) to position ON. Feed an A.C. voltage of 6.3 V 


to terminals INPUT of vertical oP AT ean from the filament points of a valve 
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socket of the unit to be checked, Set the sine wave amplitude on the 
oscillograph screen equal to 18 mm with the heln of knob VERTICAL AMPLIFICATION 
and ‘pencil a mark against the knob point, In this case the oscillograph 
sensitivity for venioak deflection is 1 V/mm 
30 Calibration No.3 (Fige267, c). Set selector switch AMPLIFICATION (in 
the vertical deflection channel) at position ON, Feed an A.C, voltage of 6.3 V 
to terminals INPUT of verti ioal deflection from the filament points oi a valve 
socket of the unit to be checked, | 

Use knob VERTICAL AMPLIFICATION to set the sine wave amplitude on the 
oscillograph screen equal to 60 mm and pencil a mark against the knob point. 
& In this case the oscillograph sensitivity for vertical deflection is 0,3 ¥/m. 

To measure the oscillograms of voltages across the unit sonieewane 
jacks, proceed as follows: 

1. Connect terminal FARTH of the oscillograph vertical deflection input to 
@ the chassis of the unit being checked, and the second ictout lead of the 

vertical deflection amplifier ~ to the jack on which the oscillogram is checked, 
26 Set Encb VERTICAL AMPLIFICATION in a position corresponding to the 
calibration point (shown on the oscillogram figures), In this case after the 
sweep frequency (synchronization) has been adjusted the oscillograph screen 

e LI~25 should display a curve whose form and amplitude look like those shown on 
the figure in this Chapter (check tuned stage). 

A difference in amplitude of more than +25% or distortions of the form 
of the oscillogram on the monitoring jack of the tuned stage indicates that tne 
valve or the stage circuit is faulty. At the same time the oscillogram of the 
sound stage may be distorted by the succeeding stage cr,to a large extent, by 


the previous stage if it is not properly adjusted or faulty. 





When locating the trouble, use a key circuit diagram and look for tne 
& trouble by checxing the resistors and other elements of the stage. 
The oscillograms of the transmitter eaten curves are checked by means of 


: 

| an oscillograph 25-I with a driven sweep. 
The oscillograms are measured on the monitoring points cf the driver and 

| 

| 


@Fr apey /moAivlatan. _....- 
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modulator units and.are compared with those given in this Chapter. 
When checking the transmitting system voltages with oscillograph 25-I, 
® proceed as follcws: 


1. Set the connector switch "Y" (located in the rear port of the 


oscillcgraph housing) in position OFF, and set the switch "X" in position ON, 


2. Set the selector switch RANGE in position "2 microseconds", 

Be Set the selector switch SWEEP in position DRIVEN, 

Le Set the selector switch SYNCHRONIZATION in position EXTERNAL, 

5a Set the selector witch SYNCHRONIZATION POLARITY in position Woe M, 
6. Comnect the source of synchronization (Connector B-25—3 PULSE mst on 


@ the modulator panel) with the jack EXTERNAL SYNCHRONIZATION on the right hand 
side of the oscillograph front panel, 
Ta Switch on the oscillograph, turn the knob of the potentiometer 


BRIGHTNESS, With potentiometers BRIGHTNESS and FOCUS adjust the sweep. 


@ 8. Apply the examined pulse to jaoks "Y" at the back of the csoillograph 
housing. . 
96 ii the knob GAIN to obtain a clear display of the examined pulse. 
10. Set the switch LENGTH CALIBRATION in position ON, 
a Determine the pulse length by counting the number of calibration markers 
@ superimposed over the pulse, assuming that the interval between the calibration 


markers corresponds to 0.1 microsecond, 
12. Compare the pulse display with the pulse shape shown on the graph given 


in this Chapter. 





Measuring the Resistances and Checking the Circuits 









Resistance values are measured and the unit wirings are checked for 
proper condition by means of instrument AVO-5M according to the resistance charts 
e of the units presented at the end of this Chapter. 
The resistance measurements boil dow to a comparison of the results 
obtained with those specified in the chart, Le the data cbtained differ from 
the value eigen in the chart by more than 15% the fault should be locked for in 


the circuit under check, For this purpose check the circuit elements in 
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successicn after making sure the influense of parallel circuits is excluded, 
: When measuring resistances, check the connection between the elements 
6 of the circuit under check and make sure that there are no breaks or accidental 
comnections which may result in feult or failure cf some circuit elements, 
Measure resistances with the unit disconnected and vatves removed, In 
this case put the unit on the folding table which comes with the station set >» OF 
arrange it in some place suitable for operation, 
Resistance values aveeetine 40 megchms end the insulaticn should be 
checked with a 500-¥ megger.e 
When examining the eleotric machines, check the windings for breaks) 
@ and the insulation which should not be greater than 10 megohms, 
Check for presence of electrical connections between the system units 
| and station elements and for correct wiring according ¢o the key cirouit 
diagrams of the station, 
¢e The circuits incorporating a number of adapter elements should be checked 
as follows: 
- Check the soundness of the common circuit, If the circuit is faulty 
separate it into several parts using adapter elements, 
- Check the separate sections in succession dividing them into smalier 


e ones until the fault is traced and its cause, | 


Measuring the Valve Parameters 


The valves are tested by means of a valve tester [I-14 supplied with the 
station spare parts and accessories, The operating characteristics and parameters 


of the valves are checked against the test charts of the instrument, 


Elimination Method 
This methed consists in step-by-step elimination of the units or elements 
& which are suppcsed to be fauity. 


Ey using this method it is feasible to find out which element is causing 





trouble, 


This method helps to find the element resporsible for impairing the 


SEGRE /insilations scceere 
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insulation resistance, clutter on the indicator screens and a number of other 


troubles connected with mutual influence of the systems and elements, 


Replacement Method 
This methed consists in a successive replacement cf separate elements, 


which arouse suspicion and may be the cavse of trouble, by sound elements of the 





same type. 

The method is aicaeiy used for finding defective valves. However by means ~ 
of this methed it is possible to locate faults in the selsyns, capacitors, 
areal fuses and some other elements, 

@ It should be borne in mind that the cause of failure of a circuit 
element may result from its bad quality, extended service life and abnormal 
operating conditions, Therefore, use the replacement method rather carefully, 
Otherwise the sound element substituted for a defective one may fail too. 

Use this method only in those cases when inmediate repair is necessary 


@& or the trouble cannot be located by means of other methods. 


Using the Pilot and Adapter Cables 
- The station standard equipment includes pilot and adapter cables which 
are kept in the spare parts case. These cables are intended to check the 
@ amplitude and wave forms of the voltages in the stages of the units and to 
connect the removed units to the main control board when Looking for faults, 


checking and tuning the energised untts, 
[oout one-third of the page illegible7 


be Pilot cable K6 is used when checking the transmitter pulse wave form, 
In this case one cable end is coupled to output connector Zw25-3 of the 
transmitter, and the cther - to the oscillograph, 

: ®@ 6. Pilot cables K7 and K9 are vsed for connection of the oscillograph, 
when checking voltage amplitudes and wave forms on the electrodes of the unit 
valves, | 


Te Pilot cable KiO serves to couple the range indicators to connector 


SEGRET fimo: a wea ne 
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7w253 located on the front panel of the mcdulator, when checking the transmitter 
trigger pulse. 


® 8. 


main control board and are used in case of repairs, voltage checks of separate 


The adapter cables are intended for connecting the removed wits to the 


stages and tuning of the energised units, ‘These cables terminate in knife-type 
connectors, Depending upon the number of contacts in the connectors use is 
made of appropriate cables, 
90 High-voltage and high~frequency adapter cables are used in the same 
cases as the multicore cavles and are coupled to the corresponding connectors 
situated on the units and in the main control board, 
@ Notes: 1, Use cable I-25 to couple the removed range unit 
with the main control board (conneotor Zw8-2), 
2e Use cable I-22 to couple the driver unit to the 
transmitter (connector Zw23-1). 


Do not switch on the transmitter high voltage during the driver unit 


operation through the adapter cables. 





/3e STATION FAULTS seeesoce 


SECRET 
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Symptcm 


meee menace! 





‘Abnormal noise of fen motors 
with switch W25—1 on. 


Inadequate air feed by magnetron 
cooling fan motor 


White pilot lamp TIVE RELAY 
fails to come on 40 to 6C secs, 
after switch W25—1 is on. 


[filegible/ 


‘Bias will not be switched cn 
when pressing push-button 
W25-2 (ON, SCREEN AND BIAS) 


Fluctuating poirter of 
instrument Pp25~3 VOLTAGE CHICK 
with switch W25-4. in position 


M4 LOOM, 





3. STATION wee POSSIBLE CAUSES AND REMEDIES 
















GRET 


Transmitter System 





Possible Cause 


Blown fuse B25-3, B25-4 
or B25-5, 


Faulty time relay. 


a) Carbon deposit or poor 
connection between 
contacts in the motor 
power supply circuit. (z) 


b) Defective motor in the 


time relay. (s) 


P25—1. 

b) No contact in circuit 
ef interlocks W25-10, 
W25-9 ,W25-8. W25-7 25-6 , 
W25—5. : 
c) Lack of current in 
phase feeding coil of 
magnetic starter electro- 
magnet P25-1; blown fuse 


| B25-3 or B25-h. 


ad) Faulty bias rectifier 
kenotron VZ5~—8, 


e) Punctured paper in 
spark gap PB25-1, 

f) Open cr burnt contacts 
of relay P25-3. 

g) Blown fuse B23-1 in 
the driver writ. («) 

h) Faulty rectifier valve 
L23-6 in the bias voltage 


Jj rectifier circuit of the 
| driver unit, («) 


i) Dirty or burnt contacts 
of magnetic starter P25—1. 


Breakdowns in bias 
rectifier kenotron V25-8, 


(*)Concerns only stations of the first series, 


SECRET 


Wrongly phased mains 220V, 
50 Cs DeSe 


a) Faulty magnetic starter 
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| Remedy 


j Replace fuse, 






Interchange phase 
ends on dleck ee 











Chesk time relay 
operation. 


Clean contacts end 

remove the cause of 
oor comection 
dirt ,weak spring, 


] etc, ). 


Replace or repair 
the motor. 


Clean contacts of 
push-button W252, 
Check interlocks 
W25-10,W25-9 ,W25-8, 
W25—7 ,W25~6 ,W25~5. 


Check 220 V mains; 
replace fuse, 


Check kenctron 
V25-@ and replace 
if necessary» 
Replace papers 


Clean contacts or 
eliminate seizing. 
Replace fuse. 

Check the valve and 
replace if 
necessary. 


Clean contacts, 


Replace kenotron, 


| Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA- -RDP80T00246A031400010001- -1— 





Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


‘SECRET 


High volsage will not be a) Magnetic starter P25-2 {Clean starter 

switched on when pressing will nct be switched on, contacts P25—2, 

push-button W25-3 ON - HIGH b) Overload relay P25~2 Check high-voltage 
eS VOLTAGE. cperates and opens supply | circuit, 


circuit of magnetic 
starter electromagnet ccil. 


e) Break in circuit of |Check circuits of 
resistors R25-43,R25-l, or |resistors R25-45, 
R25-4.5. R25—l;, or R25—u,.5 

and eliminate break. 
ad) No contact of on-off Clean contacts, 


buttons W25~3, 
e) No pulse is furnished {Check tor evidence 


from range unit; relay of trigger pulse on 
P25—8 fails to operate, driver input. 
Pointer of the instrument W25-3 |a) No trigger pulse is . {Check for presence 
| VOLTAGE CHECK comes to rest supplied from the range of trigger pulse at 
beyond the red mark when switch unit. («) the input of the 
W25-. is set in position driver unite 
& " 44000 ", Cirouits of the b) Defective cirouits of |Check the circuits, 
+000 V rectifier and the electronic relay, inverter 


| 
| control circuits are in order,(«)| or power amplifier. 
Faulty valve 1231 ,L23-2 Replace faulty 


L23—3 ,L23—., or 123-5,(4 valves 
No reading on instrument Pp25-1 | a) Break in circuit of Check circuit of 
HIGH VOLTAGE when roteting kncb series resistors R25-1 — series resistors and 
@ of potential regulator Tr25-7 R25—25 for instrument eliminate break. 
clockwise, Ppzd5~—1» 
b) Defective high-voltage {Check rectifier 
rectifier. \wiring. 
When rotating knob of potential {Improperly inserted or Check setting of 
regulator Tr25—7 clockwise, faulty kenotron V25-12 of {|kenctron or replace 
pointer of instrument Pp25-1 high-voltage rectifier, it, 
HIGH VOLTAGE deflects to left. 
& [About one-quarter of the page ille gible/ 
b) Punctured paper in spark| Replace ‘paper, 
gap PB25-2. 
c) Break in storage Check circuit and 


capacitor charging circuit |climinate break, 


Overheated plate of one of Defective modulator vaive, |Replace modulator 
modulator valves GMI~30, valve, 
With increase of high voltage a) Too wide gap between Narrow gap between 
magnetron current grcews magnet poles. magnet poles, 
excessively though voitage is b) Defective damping diode |Replace defective © 
insufficient, ! V25-35 V25—4. or V25—5, {cemping diode, 

¢) Weongly inserted or Check magnetron 

| faulty magnetron, setting; replace 

& . }|magnetroris 


Teivaieusceee 





() Concerns only staticns of the first series. 


CERRER 
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Pointer of instrument Pp25~2 
MAGNETRON CURRENT continuously 
fluctuates. 

















During transmitter cperation 
pointer of inatrument Pp25~2 
MAGNETRON CURRENT kicks to 
right, 


Antenna evades target direction; 
automatic tracking system is 
tuned. 


Absence of required eir preasure 
in high-frequency feeder; . 
automatic dryer pressure gauge 
gives no reading. 


Declassified in Part - Sanitized Copy Approved fo 


a) Faulty magnetron, 

io) Breakdown in feeder o 
antenna head, 
c) Unstable triggering. 


d) Unstable operation of 
electron relay (V23—1) or 
inverter (V23~2) in driver 
unit, 

je) Poor connection in 
floating contact. 


a) Breakdown in one of 
driver valves Gi-30, 

b) Breakdown in one of. 
modulator valves GMI-30. 


Antenna System 


Wrongly installed antenna 
head; iug is not seated 
in recesa. 


a 
3 Weak springs of outlet 
end inlet vaives of 


a2) Poor assembly cf TR. 
cell; absence of rubber 
j gaskets, 


1a). Poor flange joint; 
absence of rubber gaskets, 
e) Damaged rubber ring in 
1} back cover of reference 
voltage generator, 





f) Antenna head polysterens 


g) Defective automatic air 
dryer. 

h) Air leakage in the 
electric packing washer in 
cut-off attenuator. 


. broken. 


OL OBE T 
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tenna head sap removed 


automatic dryer compressor. 


Replace magnetron, 
Check feeder. 


Set stable image of 
trigger pulse on 
range indicator and 
foliow travel of 
trigger pulse from 
range unit to 
driver input. 
Replace valve 

V23—1 or V23—2. 


Remove magnetron and 
clean connection of 
magnetron with 
feeder, 


Replace faulty valve. 


Replace faulty valve. 


Unscrew nut securing 
antenna head to 
reference voltage 
generator sleeve ani 
check for proper 
assembly. — 


Put on cap. 


{Replace springs. 


Overhaul T.R. cells 


; Check for presence 
jof rubber gaskets, 


Install them, if 
mone present, 
Overhaul feeder 
flanges. 

Remove two parts of 
feeder running from 
slow speed rotating 
elevation joint to 
reference voltage 
generator; replace 


lring and assemble 


feeder. 

Repiace antenna 
head. Replace cap, 
Locate trouble and 
correct it, 
Eliminate air 
leakages 


J ekacinakes 








f 
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SEU Poor contact in feeder 
joints, 


Puncture of radio-frequency 
energy in feeder; readings of 
instrument MAGNETRON CURRENT 
sharply change, characteristic 
squeak of puncture is heard in 
feeder, 


b) Feeder system was not 
blown cff by dry air 
before switching on high 
voltage. 
6) Poor connection in 
floating contact; magnetron 
contact did not enter seat 
of fleating contact. 


Ringing value, echo bex 
indicator readings and echo 


Agimuth or elevation slow— 
speed rotating joint is 


pulses sharply change when clogged, 
antenna rotates in azimuth cr 
elevation; all units operate 
& correctly, 
| 
Receiver System 


Size of echo pulses on range 
indicators is unstable, 
Unstable automatic tvacking. 


mixer, 

b) Poor contacts in mixer 
high-frequency connectors 
and cables coupling mixer 
with klystron and LF, 
preamplifier unit. 


Abnormally high noise level, 
unstable noise on indicators, 
Crystal currence is normal, 


a) Abnormal operating 
condition of kiystiron. 
b) Klys¢ren is loose in 
chamber, 

c) Faulty crystal of 
signal mixex, 


Value.of crystal currents 
cannot be set normal, 


a) Poor contacts in mixer 
and tuned line connections, 
b) Klystron K-11 lost 
emission or produces lcw 


ee a ee 


powers 
c) Faulty discharger ZG-5 
ad) Faulty crystal. 





ii bout one-third of page illegible/ 


“@EPnET 
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{Set magnetron 


a) Faulty crystal cf signal{Replace erystal, : 


Locate point of 
puncture ater 
inspecting and 
listening to joints 
of separate feeder 
sections beginning 
from magnetron to 
antenna head, 
Disconnect feeder 
joint, Remove carbon 
deposits with 
alcohol moistened 
rage Firmly couple 
feeder joint, 

Dry out feeder 
System, 


Clean breakdown 
point with alcohol 
moistened cloth, 


properly. 


Remove corresponding 
slow~speed rotating 
joint of feeder. 
Dismantile, clean and 
wash it in alcohol, 
Assemble and place 
it in position, 





Check and restore 
contacts. 


Check and correst 
Bis 

Check klystron 
fastening. 
Replace arystal 


Check contacts. 


Replace klystron, 


Replace discharger, 
Replace crystal. 


Feta sishatiin 
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a) One of several valves Check valves by 


of range channel is faulty.| valve tester and 
replace faulty one, 


geoooergvene 













Echo signals are present on 
range indicators, automatio 
target tracking is unstable, 
noise does not decrease on 
range indicators when taking 
bearing on landmark, 


Faulty AGC valve Wi-10, | Replace valve. 

b) Faulty relay P1-1 or Replace relay or 

open relay circuit, eliminate open 
circuit, 

g) Faulty valve in Replace valve, 

automatic tracking channel: 

Vi-5,V1i-6,V1—7,Vi-8 or Vi-9 

d) Very narrow gate pulse |Check ior presence 

is not applied to unit, of very narrow gate, 


No echo pulses on all 
indicators, klystron functions, 
crystal current is normal, 


Faulty valve in reosiver Check all valves in 
system, succession by 
valve tester, 


@ Lamp "3120 V" fails to come on 
in amplifier unit of automatic 
tracking channel, 


a) Faulty kenotron Vi-12, [Replace kenotren, 
b) Blown fuse Bi-2 or Bi~1 |Replace fuses 


Magnitude of stabilized 

voltage of +120 V in amplifier 

unit of automatic tracking 

channel is very high and does 

not decrease when rotating shaft 
& of potentiometer R1—5), 


Faulty valve Vi-14 or | Replace valve, 





a) Faulty kenotron V2-7 Replace kenotron, 
or V2~8, 
b) Blown fuse B2—1 or B2~2.|Replace fuses 


Lamp "+300 V" fails to burn in 
range channel amplifier unit, 


Lamp "-105 V" fails to burn in 
range channel amp! 2ifier unit. 


Faulty kenotron V2-9. Replace kenotron, 


Lamp "4450 V" fails to burn in 
& I.F, preamplifier unit. 












Faulty kenotron V2-114. Replace kenotron, 


Lamp "4250 V" fails to burn in 


=} Faulty kenotron V22-14. |Replace kenotron, 
I,F, preamplifier unit, b 


Blown fuse B22~] or Replace fuses 
B2o2m~2, 


Faulty valve V22-18 or Replace valve, 


Magnitude of voltage of ~250 V 
: V22— ‘de 


in IF. preamiifier unit is 
high and cannot be' set when 
rotating variable resistor 
R22-50, 


Sharp increase oF noises Receiver excitation through] Decrease range 


|range channel, channel amplificatics. 
by knob NOISE LEVEL 
@ SETTING, 
Disintegration of sweeps cn Faulty valve in viceo Replace faulty 
coarse and fine range indicators. | amplifier or abnormal valve, Correct 
operation of +120 V faults in 
stabilized rectifier in rectifier, 
automatic tracking 
channel amplifier unit. 
COLAAR FB Viasat bake 
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On the screens of the range 
indicators appears additional 


interference caused by the 
operating elements of the 
station, 


a) Sparking in antenna 
driving motors, 


b) Dirty rings of the 
antenna pedestal rosating 
joint, 

a) Sparking of electro- 
magnet and relays, 


Range Measuring System 


No lighting ea the range 


_ indicators tubes: 
A) The pilot lamp on the range 
measuring and plan-pesition 
indicator power supply unit 


is. of f. 


B) The power supply pilot lamp 


18 OX. 


No lighting on one of the 
indicator tubes. 


The display on fine or coarse 


range indicstor flickers, 
No sweep on the fine range 


indicator, Noxmeal sweep on 
coarse range indicetor, 


The fine range indicator 


displays straight line instead 


of a circle, 


No sweep on the fine range 


a) Blown fuse B54 or 


B52 of the power supply — 


Wnt. 
b) Poor contact of the 
fuses B5—| or B5-2. 


a) Faulty walwe V5—1, 
b) Poor contact in the 
connector Zw5—1 er Zwi-;.. 


a) Poor contact in the 
tube socket. 
4) Faulty tube, 


Poor contact in the tube 
sooket. 


a) Poor contact in the 
tube socket, 

b) Poor congact in the 
connector Zwo~2 or Za3-2, 


@) Poor contact in the 
tube socket, 

b) Poor contact in the 
conneoter Zw8-2 or Zw3—-2, 


Fawlty valve Vo-1. 
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Clean: and wea.gh 
commutators with 
alcohol, Check the 
brushe sy 
Clean the rings of 
the rotating joint, 
Cheuk the brushes, 
Losate the sparking 
relay by methed of 


‘elimination, Remove 


the cause of 


sparking, 


Replace the fuse. 


Restore good 
combacte 


Replace valve, 
Restore good 
contact. 


Restore good 
Contacts 
Replace tube. 


Restore gocd 


contact. 


Restore good 
contact. 
Restore geod 
contact. 


Restore good 
contacts 
Restore gocd 
contact. 


Replace valve, 


indicator, Impcssible to cbtain 
the sweep after the quartz 
crystal had bsen changed, Sweep 
on the coarse range indicator 
displays an ¢llipse instead cf 
a circle, 


| Ne synchronization of the 
15 ke/seo, or the 3,75 
ke/sec, multivibrator. 


& The sweep on the coarse range 
indicator is distorted or 
flutters when the range hand- 
wheel is rotated, 


Adjust multi- 
vibrator, 


Pei cteecdats 





SEGRET 
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Coarse range indicator displays 
straight line instead of 
circumferences 


Coarse range indicator is not 


gated but supplied with trigger — 


pulse. 


No magnetxon current, Sweep on 
plan-position indicator tube is 
blurred and poorly brightened: 
A) Normal voltage on jack G8-10, 


B) Abnormal voltage on jack 
G81 2. , 


C) Normal voltage om jacks 
G8~9 and G84 2, 


No strebe pulse is seen on 
fine range tube, Coarse range 
indicator does not. display 
electronic marker, 


No strobe pulse is seen on fine 
range indicator, Coaraze range 
indicator displays electronic 
marker, 


Strobe pulse faiis to move on 
fine range tube when range 
handwheel is rotated, 


No markers on plen-pogition 
indicator tube, normal voltage 
oscillogram on jack G&u5, 


Fine range indicator fails to 
display electronic marker; no 
very-narrow gate pulse applied 
to jack G33; electronic 
markers fail to appear when 
potentiometer BIAS Bh~18 is 
rotated: 

A) No voltage applied to 

jack G3-3. 


B) No voltage applied to jack 


G3—2o 


C) No voltage applied to jack 
G3—16 
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emer attana e en ARAL A 


a) Contact fault in tube 

scoket. 

b) Contact fault in 

connector Zw8-2 or Zw5-2, 
Faulty valve VG~15. 


& 

8} Gaytect fauty in 
somneator Zw? or Zw5-2, 
3) Contact fault in valve 
pansl, 


No trigger pulse is 
supplied from range unit, 


No trigger pulse is 
supplied from range unit, 


No trigger pulse is 
supplied from range unit. 


Favlty valve Ve4G6 ox 
V8~9 5 


a) Faulty valve V8-8, 
b) Contact fault in 
connsetor Zw8-2, 


a) Fauliy potentiometer 
Ri-~24 in range mechanism 
unit, 

b) Contact fault in 
comnector Zw8-2, 


}c) Faulty valve V8-i0, 


connector Zw8-2 or Zwii—1. 


Faulty valve V8-8, 


Contact fault in 


2) Faulty valve V3-2 or 
Via%e 


tb) Faulty transformer 
Ty be 3, 


Contact fault in 
connector Zw8-2 or Zwi=2. 


a) Contact fault in 
connector Zw3—6 or Zwh~2, 
b) Faulty valve V3-1. 


ornanrh 





| Restore 


Restore 
Replace 
Restore 


Reat ore 


eplace 


contact, 
contact. 
valves 

COMBA. 


contact. 


valve V8 


or V8=1), 


Replace 
V8~13. 


Replace 
Tr8-3, 


Replace 


valve, 


Replaae 
Restore 


Replaces 


Replace 


Restore 


Replace 


valve, 
Replace 


“Restore 


Replace 


Restore 


walve 


transformer 


faulty 


valves 
contact. 


Clean current 
collecting brushes, 


contact, 
valve. 


valve, 


contact, 


faulty 


transformer, 
contacts 


contacts 


valve, 
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D) No voltage applied to jack 
Ch-6e 


E) No voltage 
Chet, 


applied to jack 


Fine range indicator displays 
no electronic marker; very- 
narrow gate pulse is applied 
to jack G53: 

A) No voltage applied to jack 
G3-t.. 


B) Normal voltage on jack G3-4, 


Unstable sweeps on range 
indicat org, 


Automatic tracking metor fails 
to rotates 

A) Valves V7-15, V7-16 are not 
heated, 


B) No voltage applied to jack 
G7-11- 


C) No voltage 
to jack GJ. 


150 V) applied 


D) Milliammeter Pp7-1 reads 
no current, 


Readings of iniscrument Pp7~1 
will not change when automatic 
amplification is controlled, 


Automatic tracking metor 
rotates rapidly with no video 
signal applied. 


Automatio rurige finder fails 
to hold target, Targst echoes 
are seen on range tubess 

A) No signal ani noise cm jack 
G7-10; split gate pulses are 
applied, 





- Faulty valve Viet. 
b) Fawlty transformer 
Tried o 

a) Faulty valve V2. 


Contact fault in comector 
Zw8—5 or Zw. 


a) Faulty valve V3-). or 


De 
a4 Faulty transformer 
Tr3—6 or Tx3=7o 


Contact fault in tube 
sockets 


a) Faulty voltage divider 
R55 and R5~18. 


|b) Faulty valve V5—1. 


No 50 capes. voltage 


| applied. 


Faulty valve V7-11. 


Blown fuse BI-1 or B9~2 
of range measuring system 
power paak, 


Faulty valve V7-13. 


a) No signal is furnished 
from receiver automatic 


jeracking channel, 
{b) Faulty valve V7-14. 


ja) Faulty valve V7-15 or 


b) Unbalanced automatic 
range finder. 


a) Faulty valve V7-6,V7-7 


Ox V7~8. 


b) No video signal fed 


Replace valve, 


{Replace transformer. 


Replace valves 


Restore contact, 


Replace 
valve ° 
Replace transformer, 


faulty 


Restore contact. 


Replace faulty 
resistors 
Replace valve, 


Replace fuse B9-3 
or Bon of range 
measuring system 


power pack. 


Replace valve, 


Replace fuse. 


Replace valye, 


Check contacts in 
comnectors Zw7-5 
and Zw6—3 5 

Replace valve V7~14. 


Replace valve, 


Balance unite 


. Replace faulty 


valve, 
Restore oontact in 


from receiver range channel|connectors Zw/-4, 


AeA Pe 
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Vives ebeees 





| ‘as vs 
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B) No split gate pulses applied | 
to jack G7+-102 signals and 
noise are present; fime range 
indisator displays electronic 
markex. 


Zwie{ and Zw]-5> 


C) Jack G7-10 is fed with one 
split gate pulse only. 


Faulty valve V/-1, V/-2, 
V7-4 or V7=5e 


Plen-Position Indicator System 


No display on screen and no 
heater voltage applied to valves 
of power pack of plan-position 
indicator and range measuing 
Systems. 


{Blown fuse B5-1, B5-2, 
B5~5 or Box. 


Sweep on screen can not be 
focused. 


Faulty foous potentio~ 
meter Ri1-50, 


Scale illumination lamps 
}contact to chassis. 


Sweep and merkers double; sweep 
trace width changes when 
antenna rotatese 


a) Faulty valve V11-5 or 
Vii~6 (leit-hand triode), 
b) Wrongly adjusted 
potentiometer R11-23 
MARKER DELAY, 


No range markers displayed om 
sersen, 


a) Faulty marker delay 
petentiometer R1i1~-23. 

b) Non-edjusted malti- 
vibrator 15 Ko/s V8<2 in 
range unit. 


Range markers double on screen, 





No echo. pulses displayed on 
screen; sweep and renge 
markers provided. , 


Faulty valve Vii-7. 


a) Faulty valve Vii-4, 
iVide3> or Vii1~2, 

b) Contact fault between 
lugs of deflecting coils 
fand siip~ringse 


No sweep displayed, on soreen, 













Irregular rotation (jerks) of 
sweep with antenna rcevatinc. 


@) Poor contact between 
brushes and slip-rings of 
plan-position indicator 
seleyn Mi1-1 or 
trensmitting selsyn M32—5, 
bo) Dirty gears of sweep 

i rotation mechanism, 


Sweep fails to rotate with 
antenna rotating. 


5) Faulty valwe Vii-11 or 
Vitw12. 

b) Contact fault in 
comnector Zwi1—-2 or Zw9-2. 


— oer AAP : 





Contact fault in connectors|Restore contacts. 


Replace faulty 
valve. 


Replace blown fuse, 


Replace 
potentiometer. 


Correct fault, 


Replace faulty 
valve, 
Adjust 
potentiometer. 


Replace 
potentiometer. 
Adjust multi- 
vibrator or replace 
valve V8—2, 


Replace valve, 


Replace faulty 
valre, 

Reatore contact. 
having turned 
contact sorcws so 
that lugs touch 
slin-rings. 


Clean selsyn 
brushes and slip- 
rings, 


Clean rotation 
mechanism, 


Replace faulty 
valve. 
Restore contact. 
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a) Faulty valve V11—1, 
b) Poor contact in 
connector Zwii-3 or Zw8-p. 


Flicker and poor brightness cf 
sweep; magnetron current is 
normal. 


Replace yalve. 
Restore contact. 


Antenna Positioning System 


Set balance in 
azimuth and 
elevation by 
appropriate potent— 
iomete:'s BALANCE 
lecated on unit 


a.) Non-adjusted balance 
in ezimuth and elevation 
tracking unit, 


Antema misses target direction 
when changing over to automatio 
tracking; readings ef instrument 
on automatic tracking unit 
decrease when target is covered 
by strove pulse, 









front panel, 
b) Wrongly set antenna Set antenna head 
head, correctly. 
ec) Wrongly adjusted Make adjustment of 
| reference voltage generatora 


generator. 


d) Faulty valve V6—. Replace valve. 


Erratic automatic tracking, | 





During tracking of targets 
producing weak reflection, 
paraboloid misses target 
direction, 


Antenna cammot ke controlled in 
azimuth er elevation, 


Antenna does not move in 
azimuth anf elevation, Pilet 
lamp on automatic tracking unit 
is burning. 


Considerable antenna hunting 
in azimuth and elevation during 
manual control, 


Spontaneous oscillation of 
antenna in azimuth or 
elevation. 


During cirovlar scanning antenna 


rotates with jerks; adjustment 
has no effect, 


a) Faulty valve Vé-2, 
Vi 6~3 or V5-! a 
b) Non-adjusted 


| Replace faulty 


valve. 
Adjust potentiometer 













potentiometer AUTOMATIC 
GAIN CONTROL or 
AMPLIFICATION in automatic 
tracking wit, 


located on front 
jpancl of unite 


a) Faulty valve Vi0-53 on 
Vi0~3. 

1b) Contact fauit on brushes 
of elevation selsyn— 
transformer M32-5) ox 
azimuth selsyn-transformer 
M32—4.0 

a) Contact fault in 
springs of relays P10-2, 
P10-1. 


Replace faulty 
VaLVes 

Restore contacts in 
selsyns. 


Restore contact. 


a) No power is fed to 
selsyns. 

b) No field voltage is 
applied to drive motors, 


Check supply 
cilreuits of selsyns. 
Check operation of 
field rectificr, 


Poor contact in brushes of 
selsyn M12—1 or M12-51 in 
antenna control unit, 
selisyn—transformers M32—-4. 
and M32-5t.. 


Check selsyn 
brushes, wipe 
slip-rings. 


Replace faulty 
valve. 
Adjust feedback, 


a) Faulty valve Vi0~-6, V 

Vi0-7, V10-56 or Vi0-57. 

b) Wrongly set azimuth or 
elevation knobs FERDBACK 
in azimuth and elevation 
tracking unit. 


Jamming in mechanism 
imparting rotation from 
plari-~pesition indicator 
system motor: to selsyns in 


Eliminate jamming 
in mechanism. 


CraneEe 
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injerma fails to mows off stcp 
in extreme upper or lower 
position, 


Abnormal noise of reference 
voltage generator, 





SECRET 


a) Limit switches W32-51, 
W52-52 axe defective or 
shorted to earth, 


b) Burnt contacts cf relay 
|P321, P3522 or P3265, 


Faulty fast speed 


; rotating jointe 


Data Transmission System 


Receiving selsyn rotor rotates 
in wrong directicn, 


Receiving selsyn rotor rotates 
now in correct directicn, now 
in wrong direction, 


Irregular rotation of receiving — 


selsyn rotor in correct 
direction, 


Selsyn rotor sticks im one 
position, selsyn gets hot, 


Wrong connection of wire 
ends to three~phase 
winding of receiving 


'selsyn rotor. 


Discontinuity in wire of 
selsyn rotor three-phase 
winding, 


a) Dirty slip-rings cr 
brushes of selsymne 


b) Jamming in selsyn scale, 


Two selsyn rotor wires are 


short-cirevulted, 


Echo Bow, 
eee LAUER 


Indicator peinter faiis to 
deflects 

A) No signal from echo box is 
displayed cn range indicator. 


B) Normal signal from echo box 
is displayed on range 
indicator, 


a) Break or short cirowit 
in echo box cable, 

b) Contact fault in 
connestors,. 


a) Faulty crystal 
detector of unite 


b) Faulty echo box 
CLITOULGe 


c) Unit switch in position 


x10. | 


Repair limit 
awlt¢ches located in 
antenna pedestal, 
Clean contacts, 


Repair joint, 


\Interchange two 


wire ends attached | 
to selsyn rotors 


| 
Restore circuit, | 


[Wine slip-rings or 


brushes, 
Remove framing and 
eliminate fault, 


Remore short 
circuit or replace 
selsyn, 


Cheae cable, 


Check connectors 
end restore contact. 


Remore echo box 
cover and check 
orystal., 

Chesk circuit. 


Set switch in 
other position. 


eee/e RESISTANCE AND 


SECRET 
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Resistance Chart 














GH Moaerrenenit between points 


Automatic tracking channel amplifier unit 





Resistance 
Values 


SFARER 





Elements included 
in circuit 






V1-l,contact 4 |Zwl-6,contact 4 | 70 kilohms {| R1-2,51-41 
R1-42,,R1-43 
R1-44,R1-60 
RiM61 G11 
V1-l,contact 5 |Zwl-6,contact 4 | 100 ohms R1-3 
Vl-l,contact 6 |{Vl-l,contact 8 ATO." R1-4 
Vl-l,20ontact 8 |V1-13,contact 1 | 800 " R1-4,R1-5 
Vl-2,contact 4 |Zwl-6,contact 4 | 70 kilohms | R1-9,R1-41 
R1-42,R1-43 
R1~44,R1-60 
| R1-61,L1-2 
V1-2,contact 5 |Zwl-6,contact 4 | 100 ohms R1-8 
Vl-2,contact 6 |V1-2,contact 8 Ajo" R1-7 
V1-2,contact 8 {V1-13,contact 1 | 800 " R1-6,R1-7 
V1-3,contact 5 |Zwl-6,contact 4 | 100 " R1-10° 
V1-3,contact 6 |V1-3,contact 8 A7o " R1l-11 
V1-3,contact 8 |V1-13,contact 1 | 800 " R1-11,R1-12 
Vil-4,contact 5 |Zwl-6,contact 4 | 100 " R1-15 
V1-4,contact 6 |V1-4,contact & apo" R1-14 
Vl-4,contact 8 |V1-13,contact 1 | 800 " R1-13,R1-14 
V1-5,contact 4 |Zwl-S,contact 4 | 270 " R1-17 
1-5,contact 4 |V1-ll,contact 4 | 270 " R1+17 
1-5,contact 5 Zwi-6,contact 4 56-1050 " R1-16,R1-21 With Rl-21 in 
extreme positions. 
V1l-5,contact 6 |{G1-3 100 ohms R1-20 
V1-5,contact 8 | Zwl-6,contact 8 | 1.33 kilohms}R1-19,R1-16 
V1-6,contact 5 | Zwl-6,contact 4 | 100 ohms R1-22 
V1-6,contact 6 | Zwi-6,contact 8 | 62 kilohms ,R1-25 
Vl-6,contact 8 | Zwl-€,contact 8 {1.33 " ~~ {Rl-23,R1-24 
Vl-7,contact 3 | Zwl-6,contact 4 |4.3 " /R1~26,L1-8 
Vi-8, contact 3, 
& 6, 8 Zwi-6,contact 8 |11.1" R1-30,R1~31 
| V1-8,contact 5 | Zwl-6.,ccntact 4 |1 : R1-29 
Vi-9,contact 4 | Zwl-6,contact 4 | 240 " R1~33 
' V1-9,contact 5 | Zwi-6,contact 4 {1 7 R1-34 
V1-9, contact 6 |Zwl-6,contact 8 |0 
V1-9,contact 8 |Zwi-6,contact 8 {1.5 " }R1-35 
V1-10, contact Zw1l~6,contact 4 |6.2 Megohms |R1-45,R1-46- 
132 R1-42 
V1l-10,contact 3 Zwl-6,contact 4 133 kilohms |R1-33,R1-40 
V1-10,contact 5 | Zwl-6,contact 4 |24 " R1-39 ,R1-40 
R1-57 ,R1I-54 
R1-55 
~V1-10,contact 6 |V1l-1l,contact 4 330 ohms R1-2 
Vl-ll,contact 5 |Zwl-6,contact 4 |; 100 " R1-59 
V1-1l,contact 6 |Gl-2 330 R1-58 
Qe 8 |Vl-ll,contact 6 |1 kilohm R1-47,L1-10, 
R1~27 
Zwl-6,contact 6 |Gl-4 50 " S R1-60 
V1-13,contact 1 |Zwl-6,contact 4 |24 " R1-54,R1-55 
R1-39 ,R1-40, 
| 21-57 
V1-13,contact 3,|/V1-15,contact 5 |78 " | R1-51,R1-52 
55 : 
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LUINL § a 
Wie Ts Sontant 6 | Zwl-6,contact 4 1900 kilohms | 21-48,R1-49° | 
R1-53 
Vl-14,contact 4 |Zwl-6,contact 4 {21.5-60 " R1-54,R1-55 With R1-54 in 
. R1-39 ,R1~40 extreme positions 
; R1-57,R1-21 
ap percleet 6 | V1-15,contact 5 [39 a R152 
1-14,contact 8 | Zw1l-6,contact 4 {800 u R1~49 ,R1-53 
Zw1-6,contact 9 | Zwl-6,contact 4 {Not less Insulation W1l-1 is on 
han 50 } resistance 
megohns 
_ BW1-6,contact 10] Zwl-6,contact 4. i "... oO us W1-2 is on. oo... 
NOTE: Take measurements with contacts 3,5 of connector Zw 1-5 closed. 
Range channel amplifier unit 
“Zwe-1 ‘Zw2-4,contact 3 {200 ohms ~ | Re-1"” 
V2-l,sontact 5 Zwe-4,contact 3,4156 ohms - R2—2 ,R2-3 With R2e-3 in 
1 kilohm extreme positions 
V2-l,contact 6 | Zw2-d4,contact 6 163 kilohms | R2-6,R2-5 
V2-l,coutect 5 | Zw2-4,contact 8 42.2 " R24, R2-5 
V2-2,contact 8 | Zw2-4,contact 3,4)2.2 " R2-7 
V2-3,contact 4 Zw2-4.,contact 3,4,222 " | R2-11,R2~-10 
R2=9 ,R2-20 
R2-19 
V2-3, contact 683] Zw2-4,contact 8 j29 " R2-12,R2-13, 
R2—36,L2-4 
V2-4,contact 4 | Zw2-4,contact 3,44470 " R2~16 ,R2-17 
V2-A,contact 5 | Zw2-4,contact 3,4)150 ohms Re-17T 
V2-4,contact 3, | Zw2-d,contact & 414.7 kilohms| R2-14,R2-15, 
. R2-39 
Ve-5,contact 5 |} Zwe-4d,contact 3,4)17 % R2-18, R2-19, 
R2-20, R2-9 
R2-10,R2-31 
V2-5,contact 4 |Zw2-d,contact 8. |18 " R2-27 
V2-5,contact 3 | Zw2-d,contact 8 41.5 " R2-21-R2-26 
V2-5,contact 8 | Zw2-4,contact 3,4)51 ohms R2-30 
G2-21 G2-22 51 ilohms | R2-36 
Zw2~-4,contact 5 | Zw2-4,contact 3,4)1 " R2-29 
Zwe-4, contact Zw2-4,contact 3,470 
354 
Zwe-4,contact 9 | Zw2-4,contact 3,4)Not less Tnsulation We-1 is on 
@ than 50 resistance 
pecans 
Zw2-4,contact 10] Zw2-4,contact 3,4) .' M We-2 is on 


D 


Tr3-2,contact 4 
Tr3~2,contact 6 
Tr3-3,contact 4 
Tr3-3,contact 6 
V3-6, contact 1 
V3-6,contact 3 


V3-6,contact 1 
Zw3-4 
Tr3- 4,contact 4 


Tr3-4,coutact 6 
Tr3-5,contact 4 


Range indicator unit 


Pn haheca einer 


Zw3-1,contact 9 


Tr3-2,contact 1 
Zw3-1,contact 9 
Tr3-3,contact 1 
V3-6,contact 2 
V3-7,contact 3 


Zw3~-1,contact 


Zw3-1L,contact 


9 


9 
af 


9 


Zw3~-1,contact 
Tr3-4, contact 
Zw3-1,contact 


4 100 


470 kilohms | 


470 
A70 
Ajo. .™ 
220..." 
1.38 mezohms 


730 kilohnes 


ATO | 
470 
470 | 


SEGRE 
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R3-6 

R3-7 

R3-9 

R3-8 

Rane 
RIL11R39=12; 
R3-24,R3-25 


R3-13, R3-14 
turned fully 
counter-clockwise 
R3-15,R3-16, 

R3~-17,83-18, 

R3-19 ,R3-20, 


R3-21,R3-22 
| R3-23 W3-1 in position 
OPERATION 
R3-33 
R3-34 
R335 


ooe 





Fk 








D 





NG ean ig Oe ne ty) cap 8 meen gfe gen, SS ee ge te, eee yee a ee ee | 
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~Tr3-5, contact 6 | Tr3-5, contact 


V3-1, contact 
V3-l1,contact 
V3-1, contact 


oe: 


V3-l,contact 
V3-2, contact 
V¥3-2, contact 
V3-2, contact 


V3-2, contact - 


V3-2, contact 
V¥3-3, contact 
V3~3, contact 


V3-3, contact 


Zw3-1,contact 7 


¥3-4, contact 
V3-4,contact 
V3-4, contact 
V3-5,contact 
V3-5, contact 


V¥3-5,contect . 


V4-1,contact 
V4-1, contac’ 
V4-1, contact 
V4-1, contact 
V4~-1, contact 
V4-2, contact 
V4~2,contact 
V4-2, contact 


3 


2 
1 
3 
i 
2 


3 


6 


oo 


MMU WwW AMP ww Pwr 


UE NBR AWE. 


54 
5 
,6 


3 
3 
2 
9 
7 


2 
4 
6 
4 
> 
6 


9 


2 
3) 


Zw4—3,contact 6 


R4-21, contact 2 


Zw4-4,contact 1 
Zwd—4,contact 16]iM4-2,contact 3 
4w4-3,contact 10 


G4~1 


Power pack of ranze measuring and plan position 


7 
y 






w5-4 





ee 
2 


-ll,contact 4 


V5-2,contact 


4 
2 


V5-4, contact 6 
V5-8,coatact 8 
V5-8, contact 8 


V5-8,contact..8 1 


P5-3,contact 5 


Zw3-1,contact 
Zi3-1, contact 
G3-1 or 

Z2w3-1,contact 
Zw3-1,contact 


ZwW3-1,contact 
43-1, contact 
Zw3-1, contact 
Zw3-1,contact 
Zw3-1,contact 
Z3-1,contact 
4w3-1,contact 
Zw3-1, contact 


Zw3-1, contact 


ZW3-1, contact 


Zw3~1,contact 
Zw3-1,contact 
Zy3—~1,contact 
4w3-4, contact 
ZvI3—1, contact 


Zw3-1L,contact . 


| Zw4-3,, contact 


Zy4—3,contact 
Zw4-3,contact 
ZwA-3,,contact 
Z2wa4-3,contact 
Zy4-3 contact 
ZWwA4-3,c¢ ‘ntact 
ZWw4-3,contact 
2yA~3, contact 


R4-21, contact 


Zw4-3, contact 


“I OO WHT WI\O \O 19 F 


XO 


co “BIO R~ 


A470 tt 


15.3 tt 


100 u 
7 ohms 
15 kilohms 
20 ff 
10a" 


171 ohms 


387 kilohms 


10 tt 

22 tt 
100 ohms 
22 kilohms 
10 tt 


260. ohms 


R3-42 
R3-43 
R3-44 


R3~38 ,R3-40 
R3~41 

R3-39 

R3-47 

R3-48 

R3-49 

R3-45 ,L3-2 
R3-46 
R3-50,7Tr3-8 
3-5 23-52, 
Tr3-8 
R3-51,83-54, 
R3-55,L3-3, 
L3-4 

R3-28 ,R3-29, 
R3~30,R3-31, 
R3-32,R3-26 
R3-27 ,R3-22 
R3-57 ,Tr3-6 
R3-56,Tr3-6 
R3eD3 
R3-1,Tr3-7 


| R3+57 93-37 
|'Tr3-7 
183-3,R3-58 


Range mechanism unit 


10 


10 
10 
10 
6 
LO 
10 
6 
6 


2 


10 


Zw4-3,contact LO 


Zw5-4 


Zw5-2,contact 1 


¥5-3,contact 


4 


V5-Ll,contact 6 


V5-4, contact 
V5-4, contact 
V5-4,contact 
V5-6, contact 
V5-7 ,cantact 


NUNNH WA 


100 kilohms 
ge 
1 tt 
470 " 
151 " 

1 megohmn 
150 ohms 
48 kilohms 
21.4 " 


10° ohms 
100 7 


R4-1 

R4-3 
R4~5,Tr4-1 
R4-4 
R4-2,R4~19 
RA-17 

R4-18 

R4-16 ,R4-19 
R4-13,R4-14, 
R4-15 ,it4-19, 
R4-22 ,R4~2T, 
RA-23 
RA-24,A,B 


| RA~21, 24-25 


R4-26 
M4-2 
ii4-2 


O-~10 kilohms|R4-20 


432 kilohns 
| 9-7 megohms 

6.5 ohms 

6.5 " 

Pl tt 

4 ‘xilohms 

1.5 tt 

1.5 " 


R5-50-R5-61 
Tr5=2 
Tr5-2 
Da5-1 
R5-62 
R5-25 
R5-27 


1 R5-28 


eA CTE OE 7 CE TS NESTE EET CSI rete enngrvecceetee en vintners SPONSE ACN RAPCETAT 
' 





R4~23 turned fully 
clockwise 

R4~23 turned fully 
clockwise 

R4-23 and R4-25 
turned fully 
clockwise 


“A~4 set at AUTOMATIC 
R4-20 in extreme in 
extreme left and 


Iright.positions oo... 
indicator systems 


[a Sehr IE re te At 


R5-3T-R5—4B- 
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: SEGRET 


ie 


R5-26 - 





y5-8,contact 8 |V5-5,contact 2 
V5-8, contact 8 .jV5-7,contact 6 lis3 n R5-30 
V5-7,contact 1 |V5-8,contact 6 39 " R5-31 
V5-7,contact 1 V5-8,contact 4 31 4 R5-32 R5-33 turned fully . 
counter-clockwise’ 
Oca 1 j;V5-8,contact 4 46.5. R5-322,R5-33 25-33 turned fully 
clockwise 
V5-7,contact 1 |Zw5-2,contact 1 41.5 " R5-325R5-36, 
R5~62 15-1, 
R5-65° 
V5-8,coutact 6 |V5-8,contact 5 39 in R5-29 
V5-1 cap Zw5-1 160 +" R5-1-R5-4 
Zw5~1 Zw5-2,contact 1 |2.83 megohms| R5-5-R5-18, 
R5-64 
Zw5-2,contact 2 |Zw5-2,contact 10 kilohms |25-54 
Zw5-2,contact 12|Zw5-2,contact 20°." R5-17 55-64 R5-18 turned fully 
counter-clockwise 
Zw5-2, contact 12|Zw5-2,contact 1 670 0 R5-17 ,25~18, R5-18 turned fully 
R5-64 clockwise 
Zw5-2,contact 15|Zw5-2,ccntact 1 |190 " B5-15,R5-16, R5-18 turned fully 
R5-17 ,R5-€4 counter-clockwise 
205-2 ,contact 14} Zw5-2,contact 1 430 =" R5-16,R5-17, R5-18 turned fully 


R5-64, 25-18 
R5-16,25-17, 
R5-64,,R5-18 


counter-clockwise 
R5-18 turned fully 
counter-clockwise 


Zw5-3,contact 13{Zw5-2,contact 1 {30 


Zw5-3,contact 5 |Z75-2,contact 1 {10 " R5-36. 

Zw5-3,contact 10] Zw5-2,contact 1 j not less insulation 
than 50 resistance 
megohms 


13] 4w5-2,contact 1 pou ' 





Automatic tracking unit 





e” gcoutact 
| 
| 








G6=1 G6~5 33 kilohms Ro—2 
G6-4 G6-5 500 ohms R6-12 R6-12 turned fully 
clockwise 
6-6 - es-s 84 kilohns R5~16,R5~2 
G6-7 G6-5 84. =" R6~17 RE-2 
V6-l,contact 2 |G6-5 135: -" DxS-1,R6-1, 
R62 
V6-1,contact 8 |G5-5 135 =" Di6-1,R5—1 
R62 
V6-1,contact 4 |G6-5 28.5 ohms Tr6—1 
V6-l,contact 6 {G6-5 26435..." Tr6-1 
V6-2,contact 2 |V5-2,contact 7 0 . Tr6-1 
V6-2,contact 3 |G6~5 1 mezohm R6-6 
V5-2,contact 5 |G6-5 1" R6-6 
V6-2,contact 4 jG6-5 10.7 kilohms|R6-5,R6-4 
V6-2,contact 8 |G6-5 10s, 6-5 R6-4 
V6~3,contact 2 |V6-3,contact 7 0 Tr6-1 
V6-3,contact 8 |G6-5 143 H Tr6-2,R5-22, 
26-1,16-1, 
26-23 ,R6-2 
V6-3,contact 4 |G6-5 1 megohm R6-6 R6-6 turned fully 
clockwise 
V6=3,contact 5 jG6-5 0 
¥6-3,contact 3 |G6-5 0 
V5-4,contact 7 |V6-4,contact 8 0 Tr6-1 
V6-4,contact 1 |G6-5 110 kilohms |26-10,R6-9, R6-9 in mid position 
V6-4,contact 4 jG5-5 110;. -" R5-11 ,R6-9 R6-9 in mid position 
V6-4,contact 3 {G6-5 500 ohins R6-12 R6-12 turned fully 
clockwise 
V6-A4,contact. 6 |G6-5 1500 n R6-12 R6~12 turned fully 
oy SECRET | clockwise |. 
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| V6-4, contact 
V6-4, contact 


V6-5, contact 
V6-5 ,contact 


Zw6-1, contact 


Zw5-1,contact 
Zw6-1, contact 
Zw6-1, contact 
Zw6-2, contact 
ZW6-2 contact 
Zw5—2 ,contant 
Zw6-2, contact 
Zw6-2 ,contact 
Zw5-2,contact 
G6-1 


V6—2, contact 
3 or 5 


Vi-1, contact 
V7-1, contact 


j-1,contact 
{-1,contact 


V7-1, contact 
V7-2,ccntact 
V[-2, contact 


V[-2,contact 
V7-2, contact 


V7-2, contact 
V7-3, contact 
V7-3 ,contact 
V7-3, contact 
V7-4,contact 





V7-5 contact 











V7-5 ,contact 
1; 35,5 

V7-5, contact 

wl 7-6, contact 
7-6, contact 
V7-6, contact 

_ VI-6,contact 
V7-7, contact 
1; 355 
V7=/,coutact 
V7-7,contact 
V7-8 ,contact 


a 


5 


2- 
5 


1 
4 
D 
6 


NUT Br CO 


COUnw S © 


6,8 
4 
2 


G6-5 


Zw6-1,coatact 
Zw6-1, contact 
G65 

Zw6~1, contact 
Zw6-2,contact 
Zw6-2 ,contact 
Zw5~—2,contact 
Zw6-2, contact 
Zw6-2,,contact 
Zw6-2 ,contact 
G6-5 


las 


53{ 67-8 


G7-8 
¢7-8 


| aw/-1, contact 


aw[-l,contact 
G7-8 
G7~8 


G7-8 


ZW7-1,contact 


Zw[-1,contact 
0 


7 
4 


ii 
6 
T3 
12 
12 
2 
4 


—_ ~ 


164 kilohms 


153 tt 


540 ohms 
102 kilohms 
33 ft 
0 
22 ohms 
100. =«" 
100 " 
100 =" 
} 160 " 
100 ~=—" 
sc less 
than 50. 
jpesohme 
0 . 


- . om oe 
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R6-15, R6-14, 
R6-20,R6-21, 
R6-1,R6-2 
R6-13,RS-14, 
R6+20,R5-21, 
R6+2,,R6=1 


R6-18 ,R6-19, 
R6-1,R6-2 

P6~2 

R6-16 ,RS-17 
R6~2 

Tr6-1 
M6-1,M6-2,Tr6~3 
M6-1 

M6-1 

H6-1 





\i6~2 


jM6~2 
insulation 
resistance 


Unsolder R6-2 





Automatic range-finder unit 


6 


6 


6 


6: 


V{-4,contact 4 
Vi-5,contact 4 


| Zw7-l, contact 


Zw{7-1, contact 


G7-8 


6 


6 4 


V7-4,contact 6 


G7-8 
G7-8 
Zw[-1l contact 
G7-8 
G7-3 


V7-12,contact 
G7-8 
Zw]-1,contact 


6 


2 
6 


0 
146.5 ohms 


10 kilohms 
28.2" 
| 


100 " 

O 

150 ohms 

10 kilohns 

100 " 

2.4 " 

2.4 " 

-16.21-19.51 
kilohme 


16.21-19.51 
kilohms 


Oo 


icilohns 


OnMmOoO oO 


0052." 


On 


Ael tt 
20.0 " 
15.7 it 


RT-1,R7-2,R7-T, 
L/-2--L 7-10 

R7-6 

R7-6 ,R7~3 5R7T-4, 
7-9 27-10, R7-12 
R7-85 ,R7--86 ,R7-88 
R7-5 


187-7 R7-8,RT-1, 


L7~2-L7-10 

R7~12 

[27-6 pR7-3 »R7-4 5 
R7-9 ,R7-10,R7-12, 
R7-85 -27-86 ,R7-88 
R7-11 


R7-13 
R7-24 
R7-1L4,R7-17 gR7-15 dR7-17 turned to 
R7-18 ,R7-16 extreme left and 
right position 
R7-17 sR7T-21,R7-18 4R7-17 turned to 
R7-22,R7-23, extreme left and 
y right position 


R725 


R7-26 ,R7-27 


R7-28 27-29 
R7-30,R7-31 
R7~-32 R7-33 »RI-34 


SEGRET 
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Po 





j 


7-8,contact 4,5 
“9 * contact 8 





V7-8. contact 3 f{ 


——ee 


G7-8 


G78 
7-8 


V7-9 ,contact 5 | Vi-i4,contact 4 


V7-9, contact 4. 
V7-9, contact 5 


V7-i0,contact 5 
V7-10,contact 8 


V7-i0,contact 4 

V7-i1, contact 2 

V7-11, contact 5 

Vi7-11, contact 4 

V7-11 , contact 
3,6 


V7-11,contact 1 
V7-13, contact 
3 
V7-13,contact 6 


V7-13, contact 


V7~14., contact 
@ 25155 
ee G 


V7H15, oe act 
V7~15, contac’ 
V7-i5,contact 
V7~-15,contact 
V7-15, contact 


Oa 


ON 


e V7-15, contact 


V7-16,contact 4 
V7-16,contact 5 


V7-i6,contact 3, 
V7-16 ,Gontact 4 
V7-16, contact 2 





V7-17,contact 3 
V7-17,contact 5 
V7-17, contact 4 


V8~-1 ,contact 4 
V8=1 ,contact 5 
V8-1 ,contact 6 


Zw7—1 ,contact 6 
G7-8 


G7-8 
G78 


Zw7=1 ,contact 6 
Zw7-1,contact 6 
Zw7—1 contact 6 
V7-i0,centact 5 
G7~8 


R756 middle 
contact 
G78 


Zw7=1,contact 6 


G73 


G7-8 


1 G7-8 


V7-16, contact 
Zw7~1 ,con%tact 
V7~16, contact 
Zwi~d contact 


AW Gh 


G78 


G7-8 


V7-417,contact 4. 
Zu foi ,contact 6 


G7-8 
V7-17, contact 8 
Zw7-1 ,contact 6 


G78 
G7-8 
V7-17, contact & 


2w8-1 contact 
Zw8-1 , contact 
G8—14, 








462 megohms 
20 kilchms 
1.2 megohms 
4 kilohm 
1.2 megohm 


4 kilohm 
63,2 kilohms 


1.2 megohn 


SEGRET — 
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ar anew? 
& ATE: = 
As (0 ie a J55 wmse ese eta as 
| kilohms extreme left or 
right position 
0 
250 ohms R7-4O ,R7“H1 , 
R72 RIL 
910 kilchms | R7-47 
0 
154.38 megohms} R74, R77, 
R7-4.6 
1042 ” R744 R745 
250 ohms R7-4O Ret » 
R742 ,R7!.3 
0 
250 kilchms R7~50,R7~51 
| 250 e R7-4.9 »R7=50 
928 : R745 sR7-46 
14 kilohm R7~53 
{ 
200 kilcohms {R/=-52 
0 
13525" R759 ,R7-60, 
Tr7-2 
3 kilchms - | R7~63,R7~65, R7-63 turned to 
2.2 megohms $j Tr/#2 extreme left or 


right position 


R7-61 ,R7-62 


R7-82 

R7~78 

R773 

R777 

R7=76 ,R7-72 | 
R7-68,R7~71 » | 
R7-75 

R7-75,R7-T71 

R7~68 ,R7~72 5 

R7-76 

R7-87 


C.1-0,2 " R7-81 ,R7-80 R7-80 turned to 
extreme left or 
right position 
39 kilohms R784 
4.2 megohms 7-95 
0.1-0.2 * R7-$5,R7-80 R7-80 set fully 
cleckwise and 
couiter~cl ockwise 
5 kilohms R7-89 ,R7-25 
" R7~90 R725 
1,6 megohms |R7~91,R7+92,R7-93 
Range unit 
40 {2.2 megohms | R8~14 
40 1590 ohms R8~2,L8— 
400-570 RBW3 ,RB~36 R8~36 set fully 
kilohms clockwise and 


i _. | counter-clockwise _ 
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Eo Geer es cy reds ye sy! ng * 
ar AR 
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we ATO = 
V8-1 ,contact 8 | G81) 160). ohms | L8=2 
V8-2,contact 1 | Zw8-1,contact 10|47 kilohms R8-4. 
V8-2, contact 2 | C81. 22 " R8B=-5A 
8-2, contact 5 | G8~4d. 22 - R8&--5B 
eo: ,contact 4 | Zw8-1,contact 10}130 " R8=7 
—3,contact 1 | Zw8-1,contact 10 | 51 f R8~8 
V8-3, contact 2 | Gd=14 22 " RB~9A 
V8-3,contact 5 | G8=14. 22 " R8-9B 
~V8-3, contact 4 | Zw8-1,contact 10 6210 RB—11 ,RB-12 R8-12 set fully 
clockwise and 
counter—clockwise 
V8-.,contact 1 | Zw8-1, contact 10 | 51 . R8~17 
V8-l.,contact 2 | G81}. 22 " R8=1 34 
V8-l.,contact 5 | Gb=14 22 .*% R8—1 3B 
' V8-).,contact 4. | Zw8-1,contact 10 | 24-71 " R8~15,RB~16 R8-16 set fully 
clockwise and 
counter~-clockwise 
V8-5,contact 5 | Zw8-1,contact 10}; 8,0 " R8-9L,. ,RB~22 
V8=5 * contact 8 | Zw8-1, contact 10 {14 ' RG=-20 
V8-6, contact 4° | Zw84,contact 101100 " RB~23 
eo. ycontact 3 | Zw8~1,contact 10 ; 10 " RB-2), 
V8-6, contact 6 | Zw8-1,contact 10 | 10 u R8-25 
V8-6, contact | Zw8~1,contact 10 |1 megohm R825 
V8-7,contact 1 | Zw8-1,contact 10 | 27-90 kilohms| R8029 »R8-27,R8=18 |R8-27 set fully 
- | R8—24 ,R8-33,RB-45 | clockwise and 
A,B, R8-39,R8~.0 | counter~clockwise 
R8-28 ,RB-70 ,RB~-89 
R8~78 ,RB-81 
V8-7, contact 2 | G81). 506 kilchms | R8~35 
@-Frommtect 5 | GBat1y. 5 " R8~32 A,B 
S=7, contact 4. | G8-14.. 3.3 megohms | R8~3), 
V8-7, contact 6,3) Zw8-1,contact 10 | 2. 55 kilohms | R8--30, R8-34 
V8-8,contact 1 | Zw8-1,contact 10 | 54. " R8=39, "P3-40, R8-18 


V8-8, contact 6 
V8-8, contact 4 
V8-8, contact 3 
V8-9, contact 4 


V8-9, contact 8 

V8-9 contact 3 

V8-10,contact 8 
V8-10, contact 6 
V8-10,contact 4. 
V8-10,contact 3 
V8&-10, contact 3 
V8=11 ,contact 8 















@ 8=141,contact 8 


‘V8=14, contact 4. 
V8-11, contact 5 
V8-12,contact 8 


V8-9 ,contact 1,5 












Zw8—1 , contact 
Zw8—1 ,contact 
Zw8~4 , contact 
GB=14. 
Zw8-1 , contact 
G8~4),. 
Zw8~1 ,contact 
G8=44, 
G8=14, 
GB=4), 


Zw8~4 , contact 


Cont. 


Zw3=1 , contact 


Tr8-., contact 


G8-14, 


V8-9 , cont act 8 


7 


10 


4 





4b-09 


Zw8-2,contact 12 ie 


SeARET 
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tt 


i 


RE~21 -RB-27,RB~28 
RG-33,RE1.5 A,B 


| R8-70 ,R8-78 ,R8-81 


RE-89 
R8~24., A,B 
R8B—,3 
R611 
R8-55 A 


R869 ,R8-93 
R8-6 


R8=59 

R8-95 

R8-55 B 

R8B=44, 

R8-40 

R8=33,R8-1.5 A,B 
R8-39 ,RB~/,0 ,RB~18 
R8-21 ,RS~27,RB-28 
R8-70,R8-78 ,R8-81 
R8~89 

R8-33 ,ROY5 A,B. 
RO=18,R8-21 ,RB~27 


| R828 ,R8~39 ,RB-1.0 


R8~70,R8-78,R8-81 
R8~89 


RE=1.9 | 
R8-5). A,B 
R8-56 A, B 











deena Wt hs OSes - CrnnctT 
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v8=12, contact 4. | Zw8=1,contact 10 1100 kilohms | R8-52 


V8—4 2 contact 5,3 | Zw8~1, contact 10 | 150 ohms RB=53 
V8-412,contact 6 GB—4 2, 16.5 kilohms| R858 A,B 
8-13, contact t+ 8 | GBeih 564 " R860 
-13,contact 6 GB~14 33 . R862 
43,contact 4. Zw8-1,contact 5 | 220 tt R864 
B= 14, * contact 4 Zw8=1 ,contact 10 | 27 . RG=~-67 
V8-1,contact 2 | G14 5 R863 
V8=14.,contact 5 G84), 05 : R8-64,. ,RB~65 
V8=14,contact 4 Go—4d, 3,3 megohms | R8-66 
V8-1)., contact 3,6 | Zw8-1, contact 10 {1.5 kilohms | R&-68 | 
V8=15,contact 4 Zw8-1 ,contact 10 [47105 " R877, R8-78 ,RE~70 | RB~77 turned 
R8~81 ,RE-89 ,RB-18 | fully clockwise 
R821 ,RB~27 ,RB-28 
R8~33, R85 A,B 
V8-15,contact 2 CB=1 4, 6 : R8~71 ,RB~72 ,R8~75 
| RG= 7). ,RB=75 
V8-15, contact 5 | GS-14. Goa 7% RB~76 ,R3~71 
V8-15, contact ‘ G8—44 5.1 megohme | R879 
“ scontact 4 ZwS--4 contact 10 {472.7 - R8-88 ,R8B~89 ,RB-81 | R8B-88 turned 
2.7 kilohms | R8~-70,R8~78,R8~33 | fully clockwise 


R8—1.5 A,F, R8-18 | and counter- 
R8~21 ,RB~39,RB-~40 | clockwise 


R8~27 ,RB~28 
V8-16, contact 2 C-Be=4 hp 6 " R8-82 ,RB~83 ,RB-B). 
RE~85 ,RS-86 
V8-16, contact 5 G8=4 4. 368 . R8=54 ,RB-87 
V8-16, contact 4 Zw8=1,contact 9 |5.1 megohms | R8&-90 
Bunt ZwS—1,contact 10 [15.8 kilohm, | R8-18,R8-21 ,R8-27 
$ RG~28 ,RB-33 ,RB-L.5 
. A,B R8~39 ,R8~.0 
RE=70,R8~78 ,RB-81 4) 
R8=89 
V8-17,contact 8 | GB-14. 44 " R8~97 A,B | 
V8~17, contact 4 GB—4d. 2 megohms R8~96 
V8-17, contact é GB~4), 39 kilohms { R8-.7 
V8-17,contact 1,5 | Z8=1,contact 10 10 
V8-9, contact 6 GB~ 4d, 56 " } R8=50 





{103 ‘chms i Di 





V9-1, contact 8 Zw9—1 scontact 9 
V9-l., contact 2 Zw9-2,contact 4 115.7 " RQ=1 ,RI=2 ,RI~J 
V9~5, contact 8 Zw9=1 ,contact 3 {80 ae D39~-2 
Zw9~1, contact 14 Zw9-1,contact 3 ;Not less Insulation 
than 50 resistance 
me gohms 


Zw9~1,contact 13 | Zw9-1,cortact 3 noe " bes 





Qzimath and elevation tracking unit 








G10=4 G10-3 20 kilohms | R10~5 
Gi0-2 G10-3 20: «8 R10=6 
GiO-3 Chassis 0 
10~h, CA0—3 220" R10=7,R10~20, 
7 D310~1 ,R10=5 
10-5 C10~3 220" R10~9 ,R10=21 , 
R10~6 ,D210~2 
G10~6 C103 40" R10-1,0 ,R1O=dy1 
G10~7 G10-3 ko” 8 R10=4 3,R10—14. R10--44.,R10=15 
R10-15,R10=16 | set fully 
R10~38 ,R10-88 clockwise 
ae CLO DET. Ri0-1 2 ,R10-62 
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| R1O=16 ,R10=39 
R40~88,R10~12 
| Rt0n62 ,R410~89 
| R10~33 ,R10~38 
| 



























set fully 
clockwise 


G104 4 G1O—3 | 304 a Ri 0-14 R10—15 RiO{4.,R1O=15 
| R10=16,R10=39 turned fully 
© R10=28,R10~4 2 counter 
| R10+89 ,R10—33 clockwise 
| R10-62,R10-28 
~ G10—42 G10=5 252 u R1i0=16 
G10~13 G10<3 303 " R1O~14.,R10~38 R10=14. ,RIO—15 
RI0~42,R10-62 | turned fully 
; 31 0-88, gR10—33 counter~ 
| RIO=15, SRI 0-89 elcckwise 
R40~1 6 -R10~39 
G10=44. C103 eo " R10~33 ,R10-62 R10=1;.,R10=15, 
R10=88 ,R10-38 R10=-335 turned 
Ri O~4ly. ,R10~1 6 fully 
| RIO-12,Ri0-89 clockwise 
© | | R10=15,R10=39 
G10—14, G10—3 603 " | R10=~33 ,R10=15 R1O-14.,R10—15 
Ri0=39 ,RiO—14, set fully 
R10~38 R101 2 clockwise}; 
| R10=89 ,R10~88 R10=33 set 
R10~16,R10-62 fully counter- 
clockwise 
Gi0-51 C10—3 20 : | Ri0=55 
G10=52 G10~3 20 " | R10=56 
4053 G10—3 0 
40~ 54. Gi0=3 220 " R10-57 ,R4i0-70 
DYO~54 ,R10~55 
10-55 C1 0-3 220 ‘ R10-59 ,R10~74 
@ D210~52 ,R10~56 
Vi0-1, contact 2 CI Om 5 51 " R10-29 ,R10-30 R10-i4. ,R10~15, 
R10=13,R10-1h. R10=33 set 
RI0-33 ,Ri0~12 fully 
R10~38 ,R10=88 clockwise 
| R10+39 ,R10-89 
@ Ri0~62 ,R10=16 
R10—4 5 
Vi0~1 ,contact 5 G10=5 54 " R10=14.,R10-38 R10—44. ,R10—15, 
Ri0=15,R10=39 R10=33 set 
R10=27 ,R10—4 2 fully 
R10-28 ,R10-13 clockwise 
Ri 0-16 ,R10~33 
R10~88 ,R10-62 
R10-89 
Vi0-2 ,contact 2 G10~3 a 2 Ri0=-29 ,R10~89 
R10~39 ,R10~62 
R10=33 R101 3 
R10-15,R10—12 
Ri O=1),,R4 0-88 
R10=38 ,R10=—1 6. 
Vi0=2,contact 5 | G10-3 54 " R10=27,R10-88 R101. R115, 
: @ R101 3, R10~89 Ri0=53 set 
R10~38 ,R10~28 fully 
R10=39 Rt Om 4, clockwise 
@ R10=16,R10=15 
R10-12,R10~62 
R10=33 
 'V1083,contact 2 G10—3 54 q R10=29 ,R10~30 R104. ,R10—15, 
R10=39 , RA O16 R10=33 set 
Ri0-13, "RI 0-62 - fully 
R10-33 Rt O=89 clockwise 


@ SECR 





0-1 2R10-4 Be 


ak aa 


\ 9684 
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vivny g VMN. 


@..5; ycontact 2 


V10-51, contact 5 


‘V10~52,contact 2 
V10~-52, contact 5 


V10~53,contact 2 


& Vi0-53,contact 5 


V10—4 ,contact 3 
Vi0~1 ,contact 6 
V10~-2,contact 3 
or 6 
V10-51 ,contact 3 
or 6 
Vi0-52, contact 3 
or 6 
@ 10-3 contact 3 
: or 6 
V10-53,contact 3 
or 6 


V10-4.,contact 4. 





G4 Om3 


G10~3 


cen npennesnanevesteemnnpeemeceeme tapes nvedtets on pacer me ee terete et eRe ne 


G10=3 


G10-3 


Gi0—3 


G10—3 
| G10~3 
| G10-3 

G10-3 

G10~3 


GHO-3 


| G10+3 


51 


51 


51 


| 
" 


51 





PFAREK 


R10~89 ,R10=1 3 
R101 6 ,R1 0-62 
R10-33 RI 0-27 
R10-15 R101 2 
R10~11. 210-88 
R10~38 

R10=4 3 ,R1 0-89 
R10+39 ,R10-80 


R10#16 »R10-62: 


R10-33 Rt O~42 
R1i0-79, Rt = 38 


R10-88,R10~14. 


Ri0-15 

R10=12 ,R10-38 
R10-77, Ri 0-78 
R10-62,,R10-89 
R10=1 3 ,R10-16 
R1i0=15,210=14. 
R10-39,81 0-88 
R10-33 

Ri0~1 3, R10-88 
R10~80,R19-38 
R10-89 ,R10~33 
R10=12 ,R10~4; 


R10-62,R10~16 © 


R10-79 ,R10~39 
R10-15 

R10=13 ,R10—14. 
R10~38,R10=77 
R10-42,R10-89 
R10~15,R10-78 
R10-16,R10~88 
‘R10-39 ,R10-62 
R10-33 

R10=1 3 ,R10~1. 


R10=38,R10-79 ~~ 


R10-12 ,R10~39 
R10-15,R10-80 
R10-16,R10-33 
R10-88,R1 0-62 
R10-89 
R10=1 3 ,R10—44, 
R10~38,R1 0-77 
R10-12 ,R10~-39 
R10-15 ,R10~78 
R10-16 ,R10-33 
R10-88,R10-62 
R10-89 

R10-5 

RI0-5 

R10-6 


R10#55 


R10=56 


R10-10,R10-35 
R10-1 3,R10-1, 
R10-38 ,R10-12 
R10~39 ,R10-15 
| R10-16,R10-88 





R10—33 set 
fully 
clockwise 


R10=14.,R10-15, 
R10—33 set 
fully 
clockwise 


R10+14.,R10-15, 
R10~33 set 
fully 
clockwise 


R10=14.,R10~15, 
R10=33 set 
fully 
clockwise 


R10-14.,R10=15, 
R10#33 seb 
fully 
clockwise 


R10=14.,R1 0-15 
set fully 
clockwise 





R104. ,Ri0-15 
set fully 
clockwise 
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v4 Gade 9 ‘contact 5 
Vi0-k., contact 8 


@ O-l. contact & 
Vi0-5, contact 4 


Vi0~-5,contact 5 
Vi0-5, contact 8 
V10~5,contact 8 


Vi0—-54. contact 4 


V1i0~54.,contact 8 


; 


Vi0-54.,contact 8 
V10+-5)., contact 8 


@io-ss contact 4 


Vi0-55, contact 5 


V10~55,contact 8 


& Vi0-6 contact 1 


Vi0-6 contact 2 


Vi0+-6,contact 3 
or § 
Vi0-6, contact 5 


Vi0~6,contact 4. 


es 


G1 05 
G10=3 


Gi0-3 


G4 O=3 
G10=3 
G{O—3 


C103 


| GI0-3 


G10~3 
G10—3 


Gi0~3 


G4 0-3 


G10-3 


G4 On} 


G10~3 


G40~3 


Gi Om 3 


G10=3 





CFr 


220 kilohms ~ 


38 kilohms 


2, 8=3, 2 " 


R10~7,R10~20 
R10~5 D341 0-1 


| R101 7,R10~8 


R104 7,R10-8 


R1O—44 ,R10=36 - 
R10=-4 3 R1O=1 4. 
Ri 0438, R10~4 2 
R10=39, °R10~16 
R10=15, "24062 
R10~88 RA 0-89 
R10-9, Ri0~24 

R106, Dk10~2 
R1i0—8 ,R10=1 7 


R10-8 ,R10~17 


R10-60,210~85 
R10~13,R10~14, 
Ri 0=38,R10~12 
R1 0-39 R10=16 
R101 5, RY 0462 
Ri0~88,R10-89 
R10=57,R10~70 
D1 0-54 ,R10~55 
R10~58 ,R10-67 


R10-58 R14 0-67 


R10~64 ,R10~-86 
Ri 0-13 ,Ri0=14, 
Ri0=33,R10=12 
R10=39 ,R10—16 
Ri 0=62,R10=88 
R10-89 ,R10~4 5 
Ri0=59 ,RI0=71 
R10=56 ,DH1 0-52 
R10~67,210=58 


R10-38, R101). 
R10=33 ,R10—48 
R1O=2). ,R10=39 
R10-46 ,R10~15 
R4O~12,R10-62 
R10-89 ,R10~88 
R1O~10,810~1 3 
Ri O~4.5R10=35 
R10=39 ,R10-15 

4 O~4 6 sR10=88 
R10-62 ,R10~89 
R10-37,R10~49 


R10=11 ,R10~36 
R10=13,R10—14. 
R10—38,R10~12 
R10=39 ,RAO=1 5 
R10-16,R10-62 
R1 0-88, R10~89 
R10~1 2,R10=39 
R1 0-15 ,R10=16 
R10~88,,240~62 
Ri et R10-38 


R1i0-8 set fully 
clockwise 

R10“8 set fully © 
counter-clockwise 
Ri0—14. R115 
set fully 
elockwise 


R1C~8 set fully 
clockwise 

R10-8 set fully 
counter~clockwise 
R1O=4d. .R10—1 5 

set fully 
clockwise 


R10-58 set fully 
clockwise 

R1i0-58 set fully 
counter-clockwise 
Ri0—14.,R10-15 

set fully 
clockwise 





R10-58 set fully 
clockwise 
R10-24 set fully 


‘clockwise and 


counter-cvlockwice 


R10=14, R1IO=15 
set fully 
clockwise 


R10~44.,R10~15 
set fully 
clockwise 


R10=14.,.R10—15 

set fully counter 
clockwise ;R1 0-12 
set fully 
clockwise and 


jon 4 dy. 
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Vi0-7,contact 1 


Vi0e7, contact 2 


Vi0~7,contact 3 
er 6 
Vi0~7,contact 5 


Qe h. 


Vi0-W8,contact 3 
Vi0~8, contact 
or 5 


Vi0~8,contact 8 


Vi0-9 ,contact 3 


V10-9, contact 2 


Vi0-9 contact 5 


V10-56, contact 1 


Vi0~57,contact 1 |} 


G1 O—m3 


G10—3 


G1 03 


C10—3 


G10=3 


G10—3 


CH0~3 


GiO—3 


C403 


G10-3 
G1O—3 


G10~3 


G10~3 


CCADET 


4-05.51 megchm) R10-62 ,Ri0=18 


38 kilohms 


2e 83.5 2 n 


3,2 kilchms 


4-051 megohm! 


10.51" 


SEGRE] 


Ri 0-2). R1O~15 
R10~1 6, P10=33 
R10=1).,R10+38 
R10=39 R104 2 
R10~88 ,R10-89 
Ri 0-10, R40=14. 
RAO-35 ,R1A0~1 3 
R10=38,R10=1 2 
RIC~39 ,R10—15 
R10~1 6 ,R10~88 
R1 0-62, R10=89 
R10-37,R10=19 

























R10~14 ,R1i0~36 
R10~13,R10~1h. 
R10-38,R10~12 
R10-39 =R10-15 
R1 046 5210-88 
B10-89 ,210~62 
R10=42,R10~39 
RiO=45,R10=38 
R41 0-41.21 0--88 
10-62 ,R10-89 
| R10=16 | 


R10-46 

| R10~39 sR10=4 2 
R10-38,R10--18 
R1 0-24. gRIOm1 5 
R1 0-16 ,Ri0~33 
R101. .R10~62 
Ri0-84,R1 0-89 
R41 O~4 6 ,R1O--44. 
Ri0-38,R4 Om! 2 
R10~39 ,Ri0~15 


R10~89 ,R10~33 


Ri0~38,R10~12 
R10~-39 ,R10=15 
R10-16,R10-88 
R10=62 ,R10~89 
Ri0=7, R10~20 
DH0-4 ,R10=5 

Ri0-9, R10~24 
D210~2 ,R10-6 

Bi O-68 ,Ri O~Z 
R10~15,R10-16 
RA 00335R10—1 4. 
R10~38,R10~12 
R10-39 ,R1C-88 
R10-62 ,R10-89 
R10=68 RI O~ 74. 
R10-15 ,Ri0-16 
R1O~33 ,RIOm—AY. 
R10~38,R10~12 
R10-39 ,R10-88 
10-62, ,R10~£9 





Ri 0-62 ,R10-88. 


R10-33 ,RIO~14. 


ll el ccc EEE Ee 


R10-2) set 
fully clockwise 
and countere 
clockwise 


R1 0-14. ,R1i0=45 
set fully 
Glockwise 


RIO-44.R10=1 5 


set fully 
clockwise 


R10—14. ,R10-15 

set fully 
counter-clockwise; 
R10-12 set fully 
cleckwise and 
counter-clockwise 


R10-2). set 
fully clockwise 


Ri O14. R10-15 
set fully 
counter~clockwise 


R10-12. .R10—15 

set fully 
clockwise 3R1 0-35 
set fully 
counter-clockwise 


R10=74. set fully 
clockwise and 
counter-clockwise 


R10~7. set fully 
clockwise and 
counter~clockwise 


| eaess 
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38 kilohms | R10~60,R10-85 | R10—14,. ,R10=15 
R10—1 3,R10~1, set fully 
R10~38 ,R10~4 2 clockwise 
R10~39 ,R10=15 
R10-1 6 R14 0-88 
RtO-62 ,R10~89 

Igoe 3 R10~69 ,R10~87 





V10-55, contact 2 | G10-3 
| 


. V10-56, contact 3 
. or 6 





G10-3 





4 é 
Vi0-56, contact 4 | G10~3 298-302 " R10-62,R10~89 R10~14.,R10=15 
R10—14. R101 5 set fully 
R10-16 ,R10+38 counter 
R10-39 ,R10-12 clockwise; 
R10-88 R10-62 set 


fully clockwise 
and counter- 








clockwise 
Vi0-57,contact 2 | 0-3 382~C‘ TW R10-60 ,R10-85 R10=11,,R10-15 
R10-13,R10—1 set fully 
| R10~38 ,R10-1 2 clockwise 
R10-39,R10=15 
R10-16,R10-88 
R10-62,,R10-89 
Vi0-57,contact 3 |G10~3 14.8 " Ri0-69 ,R10-87 
or 6 
Vi0-57,contact 5. |G10-3 38 " R10~61 ,R10-86 R10—14.,R10—15 
: R10—13,R10—14. set fully 
R10-38 ,R10-12 clockwise 
R1 0-39 ,R10=15 
R10-16,R10-88 
R10=62 ,R10~89 
@ 10-57, contact 4 | G10-3 248-322" | R10-62,Ri0~89 R10—14, »R10=15 
Ri O~1;.,R10-12 set fully 
R10-16,R10-15 — | counter 
R10-38 ,R10-39 clockwise ; 
R10-88 Ri0-62 set 
fully clockwise 
and counter 
clockwise 
Vi0-58,contact 3 | G10-3 22. " R10—16 
Vi0-58, contact 4 |G10—3 {4 megohm R1 0-68 ,R1 O~ 72, R10~74. set 
@ or 5 R10-15,R10-16 fully counter- 
R10-33 »R1O=14. clockwise 
R10-38,R10—1 2 
R10=89 ,R10-39 
R10-88,R10-62 
Vi0-58,contact 8 | G10-3 3,2 kilohms | R10-14.,R10~38 R10~14.,R10—15 
R10~12,R10-39 set fully 
R10=15,R10—16 | counter~ 
R19-88,R10-62 clockwise 
R10-89 
V10-59, contact 3 | G10~3 6.3 " R10-33,R10—14. R10=14.,R10-15 
or 6 Ri 0-38,R1 0-12 set fully 
R10-15,R10-16 clockwise ; 
R10~39 ,R10-88 R10-33 set 
; R10-62 ,R10-89 fully courter- 
e , clockwise 
10-59, contact 2 }G10~3 220 " R10-57,R10~70 
R10=55 ,Da10-54 


V10-59, contact 5 |G10-3 220 ~«" R10=59 10-74 
satin . ; R10-56 ,D210-52. |. 


SECRET eee 
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Zwi0-2,contact 19 | G10-3 


~ZwlO=2, contact 20 | Gi0~-3 


G10—56 


G10—57 
Zwid=1,contact 2 
Zwi0=1,contact 3 
Zwi0-41 ,contact 4. 
Zwi0-4 ,contact 5 
Zwi0-1,contact 6 
Zwi0~1, contact 8 
Zwi0=1 ,contact 13 
Zwi0—1,contact 1 
ZwiQ—1 ,contact 17 
Zwi0-1,contact 18 
Zwi0-1, contact 22 
Zwi0—-2,contact 1 
Zwi0-2,contact 2 
Zwi 0-2 contact 4 
wi0-2,contact 14 
Zw1O-2,contact 12 


Zwi0Q—2,contact 13. | 


Zwi0-2,contact 1, 
Zwi0—2,contact 15 
Zwi0-2,contact 16 
Zwi0-2,contact 17 


@ V1i-1 contact 


1 
Vii-1 contact 4 
Vt1i-1 ,contact 5 
Vii-1,contact 2 
Vi1-1,contact 3 
Viiet contact 6 
V11-2,contact 4 


Vii-2,contact 14 


Vii-2,contact 4. 
Viiq2,contact 3,6 
Vii-2,contact 2 
_Vi1-2,contact 5 
112, "contact 5 
44-3,contact 5 
V11—3,contact 3 
Vii-3,contact 2 


V11-3,contact 4 
V11-~3,contact 4 
Vi1-3,contact 6 
Vi14—4% contact 5 


Zwi41-2,contact 2 


Vitel.,contact 5 


iZwii-2.contact 2 





CEPDET 


| 4.0 kilohms 


ft 


Not less 

than 50 

me gohms 
tt 


G10—3 


G03 
G10—3 7 
C1043 . " 
G10—3 " 
G10-5 a 
G10~3 , 
C4 Qu 3 tt 
G10—3 " 
G1O0—5 - " 
G4 O03 " 
G10=3 " 
G1O—3 | " 
G10—3 ‘i 
C10-3 i 
10-3 " 
G10=3 x 
G10-3 7 
G10=3 " 
G10—3 
G{O~3 : 
Gi Que 3 it 
G1 0-3 } x 


R1O-4.0 210-39 R10—14.,R10~15, 
R1O~46 ght 0-88 R10~33 set 

R41 0-14.24 0-89 fully 

R10~15 ,R10~62 clockwise 


Ri0-12,R10-38 
R1O+33,R10—4 3 


R10—4.1 »R10=39 R10-14.,R10-15, 


Plan position indicator wait 


Zwii-?,contact 2 
Zwii-2,contact 2 
Zwii-1,contact 5 | 220 wt 
2wii-1,contact 5 ; 100 : 
Zwii-2,contact 2 }0 

Zwi 1-1 ,contact 4 40 

Zwi1-2,contact 2 


220 , 


400 t 


570" 


Zwi1-2,contact 2 |4./7 megohms 
Zwii-2,contact 2 {0 
Zwii~t,contact 5 | 21 kilohms 
Zwii-1,contact 5 | 21 ” 
Gii—1 fo 

{1 megohm 
Zwii—2,contact 2 40 
Zwii-1,contact 7 132.5 kilohms 


Zwii~—1,contact 5 {4,7 megohms 
Vi1—3,contact 5 |0 
Vii-4,contact 5 O 

10 @LCfPDET) 


| 220 kilohms j Rii-1 | 


R101 3,R10-88 R10—33 set 
R1{ 0-14. .R10-89 fully 
R10-15,R10-62 clockwise 
R10=12,R10~16 
R10-38 ,R1 0-33 
Insulation 
resistance 
tt 
"t 
it 
tt 
" 
t 
tt - 
ft 
tt 
tt 
ft 
! 
t 
v 
" 
t 
it 
wt 
tt 
R 
{t 
t 
R113 
Rit—l. 
Ri12 
R11-53 R11-5 set 
fully counter- 
clockwise 
R11=53 ,R11-5 Ri1-5 set 


fully clockwise 
Ri1-7 


R11-6 ,R11~8,R11~10 
R11-10,R11-9 ,R11-8 


R11-18 
R11-14 R11-43 


RI1=1.R11=15 
R142 
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Vi1-%, contact 5 


| @ 4-),., contact 
Vii-4., contact 
V1i-4., contact 
Vi1-5,contact 


> Wi © 


Vi1-95,contact 4 


V1i-5, contact 
Vi1~-5, contact 
Vii-5, contact 
V1i-5, contact 
Vi1-6 ,contact 


tla in po 


V1ii-6,contact 4 
Vi1-6,contact 5 
Vi1-6,contact 4 
Vi4—-6, contact 3 


Vi1-6, contact 
Vi1-6, contact 


ON ON 


Vi1-6, contact 6 


V1i-7,contact 4 
Qi 1-7,contact 2 


Vii-7,contact 3, _ 


V11-7,hoBtact 6 
V1i1-8,contact 2 





As 





Zwii~-2,contact 2 





CEMDCT 


Zwit-2,contact 2 {4.70 kilohms 


320 ohms 
400 " 
400. «(8 
472.6% 
i kilchms 


Zwit~1,contact 5 
Vti-.,contact ) 
Zwi1=2,contact 2 


Zwii-2,contact 2 |2.64 " 


Zwi1-1,contact 5 16 " 
Zwii-1,contact 5|3.9 " 


Zwi1—-2,contact 2 | 


Zwit-1,contact 5 {15 kilohms 


uy" 
20 t 
4,7 megohms 
6,8 kilohms 


Zwi1+2,contact 
Zwi1-1,contact 
Zwl1—1 ,contact 
Zwi 1-2, contact 


Nh Uo Po 


Gt1—5 0 
Zwi1-2,contact 2 | 2.1 " 


Zwii-2,contact 2 


Zwi 1-2, contact 
Zw 1=1 ,contact 


nm NM 
ON -* 


Zwi1-2,contact 0 
Gi1-3 0 
V1i-8,contact 5 {0 


2wii-1,contact 10) 5.4 me gohms: 
0 


R11-19 


LA 12 

Ri—17 
R11~20 

Ri 1-23 ,R11-22 
R11+24 -Ri1=1.8 
R119 ,R11=50 
R11-33 R14—34. 


R11-35,R11-36 © 


R11~28 ,R11—51 
Li1—1 


R11-23,R11-22. 


R114-241 ,R11-4.8 
R11-1.9,R11~50 
R11~51 214-28 
R11-33,R11~-34 
R14=-35,R11-36 
Lit-t 
R11~24.5R11-25 
R11-26 

R11-27 


R11~28,R11-51 
R14-48 ,R11-4.9 
R11-50,R11=33 
R11=34..R11=35 
R11-36 Ri 1-21 


 R11-22,L11=1 


R11-62 
R11-30,R11~34 
Ri1=32 
R11-541 ,R11~-28 
R11-4.8,R1 1-1-9 


R11~50,R11-33 — 


R11=34.pR11=35 
R11-36,R11~24 
Ri1=22,141=1 


R11-36,R1 1-34. 
R11=33 ,R11~21 
R11~22,R1 1-48 
R11-4.9 ,R1 1-50 


| R14-51 R11-28 


41-1 
R1i-36,R11-35 
‘R11-34-,R11-33 
R14=21 ,R11~22 
R11=4.8 ,R1 1-1-9 
R14~50,R11-51 
R11-28,141=1 
Ri1-4.2 
R11-4.0,R11~37 
R11-38,R11-39 
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Ri1=19 set fully 
clockwise ; 
Rii-19 set fully 
counters 
clockwise 


Ri1-23 set 

fully clockwise; 
R11-50 set fully 
counter- 
clockwise 


R11=-23,R11~50 
set fully 
counter= 
clockwise 


R11-50 set fully 
counter= 
clockwise 


R1i1-50 set fully 
counter~ 
clockwise 


R11~50 set fully 
counter 
clockwise ;R11=-35 
set fully 


clockwige 


R11-50 ,R1i1-35 
set fully 
counter 
clockwise 


Vian 
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corner 
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Vii-E,contact 2,5 | Zwii-1,contact 5 {5,3 kilohms | R41-37,R11-38 


Vii-8, contact 4 


V11-8, contact h 
V11-8,contact 4 


Vi1-8, contact 3 
Vii-8, contact 3,6 
Vii-8, contact 3,6 
Vii+-9, contact 7 
Vi1-9,contact 5 
}@:: 1-9,contact 3 
Vi1-10, contact 
V11-10, contact 
Vi1-—11, contact 
Vii~i1 ,contact 


Vit-14, contact 
V11-11, contac’ 
441-12, coutact 
4-12, contact 
V11-12, contact 
V11~12, contact 
Zwi1-1, contact 
Zwii-1,contact 


WO MWWU ON Wiilhin 


@.: 1-3 


Zwi4-2,contact 14 
Zwii-2,contact 13 } 


Zwi2~1,contact 2 
Zwi 2-1 ,contact 2 
Zwi2—-2,ccontact 6 
Zwi12—4,contact 14 
Zwi2—1,contact 11 
Zwi2—1 ,contact 
Zwi2-2,contact 9 


wi2~1,contact 8 
wi2—4,contact 4 
Zwi2—1,contact 4 


Zw 2-1 ,contact 9 
Zwi2=1 ,contact 14 


Zwii-2,contact 2 [4.3 : 


Zwit~2,contact 2/1305  " 
4oQ =" 


V1i-8,contact 6 
Gt1-k, 

2wit-2, comact 2 
G1i95 

G4 dy. 
Zwii-1,contact 5 
Zwii-i1,contact 7 
Zwii-1,contact 5 
Zwii-11,contact 3 
Zwit+2,cortact 2,437 " 


OoOWodoQo0 7-00 


a epee: 


Zwii-2,contact 6} 1.5 megohms 
Zwi1-2,contact 6 | 320 kilchms 
Zwii-2,contact 2] 1 megohm 
Vii-12, contact 4.1 0 


Zwi1-2,contact 8|O0 | 
Zwi1-2,contact 2 | 600 ohms 
Zwii-2,centact 214 megohu 
2wi1~2,contact 2 | 9.8 kilchms 
| 
Zwit-c,contact 211 megohm 
Zwit~2,contact 12) 0 
Zwii-2,contact 144 0 


R11=-59 

R11-4.5,R1 41.6 R11—29 ,R11-4.7 
set fully 
couiter= 


clockwise 


R11-45 211-46 | R44-29 set fully 
R11=29 clockwise ; 

- Rti-4.7 set fully 
counter= 
clockwise 

Ri 14.5, R11-4.6 R1ii-4.7 set fully 

Ri 14.7 clockwise; 
R11-29 set fully 
counter= 
clockwise 

R11-4d. 

Ritei4 

R1i1-58,R11-59 

R11-2 

Ri1-55 

R11-5h.,R11-56 

Ri1-57 

R11-60,R11~64 

Ri1-44 

R11-21 ,R11-22 Rii-50 set fully 

R11-33 R134 counter 

R14-35 ,R11-36 clockwise 


Ri1-28,R11~48 
Ri4-49 .R11-50 
Rii-51 ,Lit~4 
Ri1-4.5 


Antenna, control wit 


Zwi2=-2,contact 6 | 100 ohms 
Zwi2~2,contact 8;100 " 
Zwi2-2,contact 8;100 " 


Zwi2—4,contact 12;100 " 





Zwi2=1,contact 9|/100 " 
Zwi2-1,contact 91100 " 
Zwi2~2,contact id,9,2 "™ 
Zwi 24 ,contact 2 G 
Zwi2~2,contast +g 260 " 
Zwi2—1,contact 1 | Not less 
than 50 
megchms 


Zwi2=1 ,contact 4 
Zwi 2-4 ,contact 1 


SECRET 


Mi 2=51— 


| M4 25% 


12-54 

MA1~4 

M1 2~4 

WM 2-4 

Tri 2-52 ,Tr12~3 
M1251, Tri 2~2 


| Mt 24 


Wi2—2 
E12=1 ,B12-51 


Switch on W12-2 
Wi2—{ set at 
AUTOMATIC 
Insulation 

resistance 
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Crna 
Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 
Zwi2-4,contact 12} Zwi2—1,contact 1 |Not less Insulation 
than 50 resistance 
megohms 


Zw 2—1,contact 15] Zwi2-i,contact 4 " ‘ 
2-2, contact 6 | Zwi2-1, oonteat 4 at 4 
2-2, contact 8 | Zwt2-1, "contact 1 " : 

Zwl2-2,contact 9 | Zwi2s1,contact 1! " | " 


~ -5,contact 1 |100 ohms Tr22~4 ,L22=14 , L22=2) W22-3 set at 
on ee R22=2, 222-2, R22-3 } SIGNAL 
R22-64 
V22-1, contact 5 Zw22—5,contact 1 |100 ohms - R22). ,R22—63 With R22~63 in 
4.1 kilohms extreme 
positions 
V22~1 ,contact 6 G22—):6 330 ohne R22-5 
V22—1 ,contact 8 G22-1.6 330 L223, R225 
V22-2,contact 4 Zw22~5, contact 1510 " R22-6 
V22-2,contact 5 | Zw22-5,contact 1 {100 " R22~7 
V22-2,contact 6 G22-h.6 350. * R22-5 . 
22-2 contact 8 | G22-46 330 " 1.221, ,R22-8 
— -V22—3,contact 4 Zw22-5,contact 1 )510 " R22-9 
V22-3, contact 5 Zw22~5,contact 1 {100 " R22—40 
V22~3,contact 6 G2 Qm).6 330 " R22=14 , Tr22—2 
V22-4.,contact 3,5 | Zw22~5,contact 1 {100 kilohms ~ Tr22-2 ,L22—5,R22-1' 
V22-1.,contact 8 ZW22—5,contact 1 4200 " R22—44. ,R22—15 
V22-5 contact 4. Zw22-5,contact 1 |513 =" R22=16 ,R22-22 
V22-5,contact 6 G22-37 390—=o"" R22=19 
22-5, cortact 8 G22-37 18 cs R22-18 
é& contact 4,8 | Zw22-5,contact 1 ;265 " R22—21 ,R22~22 
. R22-59 ,R22-49 
R22-£9 ,R22—54 
R22-55 ,R22-56 
V22-6,contact 3,5 | Zw22-5,contact 1 |2.1 megohms | R22~20,R22-21 
R22-22 ,R22~50 
R22~51 ,R22~59 
R22—55 ,R22~56 
R22-4-9 
V22-7,contact 4 Zw22-5,contact 1 |3.9 megohms | R22-25,R22~20 
€ R22=50 ,R22~56 
R22—24 ,R22—22 
R22-51 ,R22-59 
| R229 ,R22—55 
V22—7,contact 5 Zw22=5,contact 14 265 kilohms {| R22~21,R22-22 
R22-19 ,R22—50 
R22-51 ,R22-55 
R22~59 ,R22—56 
V22-7,contact 6 4 Zw22-5,contact 1 | 200 ' R22-25,R22=24 W22-). set at 
R22~22 ,R22-51 AFC 
R22-50 ,R22-4.9 
R22—55,R22-56 
R22-59 ,R22-60 
R22~58 
V22-7,contact 8 Zw22—5, contact 14375 " R22—26 ,R22-25 W22—3 set at 
4 | R22-2h, ,R22—22 AFC 
R22~21 ,R22-51 
-R22-50 ,R22-49 
R22-60 ,R22-58 
R22-59 ,R22—55 
R22=56 


J-F pre amplif ier unit 


eranct 
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[steasose 





Po 


ZW22:-2 


V22-8,contact 2 
V22-8,contact 5,6 


@... contact 2 


V22-9 contact 5,6 


V22-10,contact 4 
V22-10,contact 5 
V22-10,contact 6 
V22-10,contact 8 


V22-12,contact 5 
V22-16,contact 3 
V22-16, contact 3 
v22-18, contact 8 


V22~18,contact 3,5 v22-18, contact 6 


v22-18, contact 6 
@ 8,contact 4 


V22-19, contact 4,6 |Zw22-5,contact 1 


V22~21 ,contact 2 


22-20, contact 5 


_ V22-22,cap 


Zw22-5, contact 9 


@ Zw22-5,contact 10 


V23-1, contact 3,6 
V23-1,contact 4 
~V23—1 ,contact 5 
V23~2, contact 3 


V23-2,contact 5 
V23~3,contact 4 
V23-3,contact 2,6 


B23-).,contact 4 
23-4, contact Ay 
and Ap 
V25-3, contact A, 
Zw23-1,contact 14 








CCfNocT a 
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| au2e-bj contact 4; 100 ohms 


200 " 
1.15 kilohms 


Zw22-5,contact 1 
V22-12, contact 5 





Zw22-5,contact 1} 200 chms 


V22-12,contact 5} 1.15 kilohms 
680 chms 

400 " 

330 tt 

1.53 kilohms 


Zw22~5,contact 1 
Zw22~5,contact 1 | 
V22-42, contact 5 
V22-12,contact 5 


G22~37 

|V22-16, contact 4. 
V22~16, contact 5 
v22-16, contact 5 


Bb) l 

400 ohms 
500 kilohms 
92 t 

40° 
Le?" 

de 79k, ‘ 


2w22-5, contact 41 
2022-5 contact 1 


serena nee 


29 5 it 


Zw22-5,contact 1 


265 tt. 


2w22—5,contact 1,170 " 


eens 8 }900 +" 


\Zw22~5,contact 1 | Not less 

than 50 
me gohms 

Zw22-5,contact 1 | " 








Driver wnit 


Zw23-1 ,contact 8}0 
Zw23-1,contact 8 | 7.5 kilohms 
V23-1,contact 2 115 7 
Di23-2, contact 1 {8 " 





Zw23—1,contact 8 }47 nf 
Zw23~1,contact 8 | 0 
V23-.,contact 2,6/80 " 


Zw23—-1,contact 8} | 
Zw2 5-2 5 4 " 


Zw23~2 Seg i 


Zw23=1,contact 8 {Not less 
than 10 


@rnary |megohms 


| R22-49 ,R22-50 


L22=7,122-8 ,L22-6 
R22-61 

R22-31 : 
12214 ,R22—32 
R22-36 | 
R22-33,L2212 | 
1.2210, 122-9 


W22-3 set at 
AFC 





L22-13 ,R22—-3h. 
R22~36 
R22-35 
R22—37 

R22-1,.9 

L22—1). ,R22-38 
R22=39 
R22-1.0 
R22—l, 

R22-1.5 ,R22-1.6 
R226 
R22~1.8 
R22—4.7 
R22—50,R22-4.9 With R22~50 in 
extreme 
positions 


R22-51 ,R22-52 
R22-53 ,R22~55 
R22-56 

R22-1.9 ,R22~50 
R22-51 ,k22-55 
R22-56 

R22-50 ,R22-H.9 
R22-51 ,R22~24 
R22-69,R22-.9 
R22-55 ,R22~56 
R22-59 ,R22~22 
R22~60 





W22—4 set at 
AFC 

Insulation 

resistance 


nw 


R23~2 

R23-5 ,R23-6 ,L23—1 
123-2 ,R23-10 
D223-2 

R23-9 


R23-13 ,R23—1h. 
R23-14 ,R23—1 2 
Tr23-1 ,R23-18 
R23—19 


R23-28 ,R23-20 

R23~26 us . ) 

R23—28 ,R23-21 | 

R23-27 

Insulation | 

resistance | 
| 
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Zw23--1,contact 15 


Zw23-1,contact 13 | Zw23-1 ,contact 8 


Zw25—2 


Zw23~6 
Zw23=7 


P125~1 contact 3 


Pi25--4 contact 4 
PL25—2 contact 4 
P225-2,contact 2 
@ 5~2,contact 3 


P266-1,contact 4 
V66~1, contact 4 
P2L66—1 ,contact 3 
P266-1 contact 4 


or 5 
@ 








@ 


CEP. 


Not less 
than 10 
me gohms 
Not less 
than 50 
megohms 
Not less 
than 100 
me gohms © 
Zw23—1 ,contact 8 » 
Zw23=1, contact 8 . 


Zw23—1,contact 8 


Zw23~1 ,contact 8 


CIA-RDP80T00246A031400010001-1 


Insulation 
resistance 


ig 


Modulator-oscillator unit 


P2i25—2,contact 4 {Not less | 
than 3 

me gonms 

Pt25-2, contact 4 : 
PL25=2, contact 4 " 
P225«2,contact 4 x 
P225=2,contact 4 - 


Drive motor excitation rectifier unit 


P266~1,contact 511.3 ohms i 
Pi66—1, contact 6 }55 " 


Pz66—1 contact 1 | 31 kilohms 
P&66-1, contact 1 |Not Jess 
than 50 


me gohms 


SEGRET 


Insulation Close contacts 
resistance P25—1 ,P25-2 
and W25=4 
t w 
ty " 
1? ae 
tt tt 
Tr66—4 
Tr66—=1 
R6S“1 ,R66~2, R663 
Insulation 
resistarice 
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: 





_ Vi-6, contact 


omnearmnatenate 





ViVIILI 


Voltage Chart 






Measurement between points 





Vi-i,contact 4 
Vi-i,contact 5 
Vi~1 , contact 
Vi-1 ,contact 
Vi-2, contact 
V1-2, contact 
Vi-2,contact 
Vi-3, contact 
V1-3 , contact 
V1-3, contact 
Vi-d., contact 
Vi-4., contact 
V1-4., contact 

1~5, contact 
V1~-5, contact 
Vi-5,contact 


V1-6, contact 
V1~6, contact 
Vi~8, contact 
Vi-8, contact 
1-9, conte.ct 
~9 contact 


NIDA OND ODL OADM WOAWT OADM OW 


Vi-9,contact 8 


V1~10,contact 4 
Vi-10,contact 5 
Vi-10,contact 6 


V1-10,contact 7 
Vi-11,contact 2 
Vi-11,contact 6 


@: -11, contact 8 


A 


Automatic tracki. 


Zwi-6,contact 4 


Zwi~6,contact 4. 
Zw1-6,contact 4. 


Zwi-6, contact 4. 
| Zwi-6, contact 4 


Zwi-6,contact 4 
Zwi-6,contact 4 
Zwi-6,contact 4 
Zwi-6,contact 4. 
Zwi-6,contact 4. 
Zwi-6,contat 4 
Zwi-G,contact 4. 
Zwi-6,contact 4. 
Zwi-6,contact 4 
Zwi-6,contact 4 
Zwi-6,contact 4 
Zwi-6,contact 4. 
Zwi=6,contact 4. 
Zwi-6,contact 4 
Zwi-6,contact 4. 
Zwi-6,contact 4 
Zwi-6,contact 4 
Zwi-6,contact 4 
Zwi-6,contact 4. 
Zwi-6,contact 4 
Zwi~6,cecntact 4 
Zmj=6,contact 4. 


Zwi~6,contact 4 
Vi-i1,contact 7 
Zwi-6,contact 4 
Zwi-6,contact 4 


1-11,contact 5 | Zwi-6, contact 4 


Voltage 
value 
Vv 







ote 
0-(1.5 
115 
140 
103 
145 
410 
1.5 
145 
42 
103 


500 
~(1.5-17) 
420 

0 


603 Ae Ce 
6.3 As Co 
120 
107 
103 


Note: With R1i-44 in extreme right position and 
of 2wi+G shorted, 


V2—1 ,contact 5 
V2—1 ,contact 6 
V2—1 ,contact 8 
V2=3,contact 4 
V2-3 contact 8 
V2-4.,contact 5 


V2-4.,contact 8 
GF ome? 3 
2~5,contact 4 


V2-5, contact 5 
V2-5,contact 8 
V2-1 ,contact 7 
V2-10,contact 2 


Range channel amplifier unit 


Zw2-l.,contact 3,4. 
Z2w2-l.,contact 3,4 
Zw2—1.,contact 3,4 
Zw2-. contact 3,4. 
Zw2-l.,contact 3,4. 


! Zw2-.,contact 3,4 


Zw2-l.,contact 3 4 
Zw2-l, contact 34 
Zw2-).,contact 3,4 
Zw2—l.,contact 3,4 
Zw2-),contact 3, 
V2-1 ,contact 2 


Zw2~l.,contact 3,4 


Oc 7-9 5 
4410-280 
260300 
-1 

480 

202 


SEGRET 


channel amplifier wit 


: - AAO .. 
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Notes 





With Ried in extreme positions 
tt w 


With Ri-21 in extreme positions 
Wi-3 set at GATE 
Wi-3 set at -120V 


With Ri-4d. in extreme positions 
With R1-54 in extreme positions 
Set by Ri-.2, with Ri-l turned 
fully clockwise 


contacts 3 and 5 


With R2-3 in extreme positions 
t it 1 


T Sewesiaewas 
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ee 


V3-1, contact 7 
V35—-2, contact 2 
contact 7 
-l.,contact 7 
V3-5,contact 7 
Zw3—-1,contact 5 
P31, contact 1 


Vi.-1 contact 7 
V4.2 ,contact 2 
Zrii 3, contact 6 
Gi. 
Gh-6 





CCODET 
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Range indicator unit (main voltages) 


W3~1, contact 8 
V4e2 ’ contact 7 
V3-4.,contact 8 
V3-5,contact 8 
V3=5,contact 8 
Zw3~1 ,contact 9 
Zw3~1 ,contact 9 


663 A. © ‘e 
663 Ao Ce 
6.3 AS, 
6,3 AC. 


be3 AC 


270 
4.90 


Range mechanism unit (main voltages) 


Vh—1 ,contact 8 
Vu2,contact 7 
Zwl~3 contact 10 
Zwh-35,contact 10 
Zwh-3,contact 10 


6.3 A.C. 
6.3 AC, 
270 

0,85 AC. 
Net less 


than 3 A.C. 


Measured by WEU~2 


Measured by WEU~2 


Power pack, of range measuring } and_plan position indicator 3 systems 


@:-- contact 54 


Tr5-2,contact 1 
Tr5-3,contact 1 
V5-2,contact 2 


V5-3,contact 2 . 


V5—i1,contact 2 
V5—1 ,contact 
V5-8,contast 


Few fo 


5- y contact 
5, contact 4. 
5-6,contact 4 . 


V5~7,contact 4 
V5~4.,contact 6 
V5-L.,contact 1 

2 


G5-5 , contact 
awh~h. 
Oc: contact 4 
G6—4 
G6~2 
G6-3 
G6—d. 
G6-5 
fy m6 
G6~7 
V6-1 ,contact 2 
or 8 
Vo ,contact 
or 6 


V6-1, contact 2 
V6~2,contact 2 
V6-2, contact 3 

€ or 5 
6-2, contact 4 

or 8 
V6~3,contact 2 
V6=3, contact 8 





V6-3, contact 6 
Vena 3 


Tr5—1,contact 2 
ai contact 2 
Tr5~3, contac G2 
V5-2, contac’ 8 
V5~3 contact 8 
V5~14, contact 8 
V5—4,contact 7 
V5-8, contact 7 
| V5-,,contact 8 
V5--5, contact 8 
V5=6, contact 8 
V5~7, contact 8 
Tr452,contact 
Te5—2,contact 4 
G5-5,contact 4 
TrH5—2,contact 4. 


110 A.C, 
140 A.C, 
110 A.C. 
5 AG. 

5 As Ce 

5 AC. 
205 AoCe 
bed AoC, 
12,6 A, C.- 
12.6 A.C. 
12,6 A.C. 
12,6 AC. 


“4.50 


270 
1700 
4.800 


Automatic tracking unit 


Tr6—1 contact 2 
GEm5 

Go~5 

G6~5 

G6-5 

Chassis 

G65 

G65 

G65 


G6=5 

V6-1 ,contact 6 
V6~2; contact 7 
Cbe5 
G5 


V6~3,contact 7 
G65 


G6—5 
me CEPRE 


110 A.C. 
12 


665 AeCe 
113 


405 


Set by R5-23 


Set by R6-12 


R6~6 set fully clockwise 


R66 set fully counter 
clockwise 
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V6—4.,contact 7 
V6-4., contact 1 
or 4 
V6-., contact 3 


or 6 
@..., contact 2 
or 5 


V6=-5,contact 2 
V6-5, contact 5 
Tr6=1,contact 8 
G6-2,contact 2 
Tr6—3,contact 1 
Tr6—3,contact 3 


Vi7-i contact 
V7-2, contact 
V7-3, contact 
V7-l., contact 
V7-5,contact 
@ 7~6 ,contact 
V7~7, contact 
V7-8, contact 
V7~9 ,contact 
V7-10,contact 2 
V7-11,contact 7 
V7-13, contact, 2 
V7-14.,contact 7 


MAIN MO MM NY PL Pp 





7715, contact:7 
~16,contact 7 


7-17,contact 2 
G7-5 
G72 


C744 


V8--1 ,contact 2 
V8-2,contact 7 
V8-3, contact 7 
V8-.,contact 7 
V8-5, contact 2 
y) V8-6, contact 7 
V8-7, contact 7 
V8-8, contact 7 
V8-9 ,contact 2 
V38-10, contact 
V8-11, contact 
V8-12, contact 
V8~13 ,contact 
V8—14., contact 
3-15,contact 7 
8-16,contact 7 
Vo~4 7, contact 2 


G8—4 4, 







“SIM NM PD fe 





V6~4.,contact 8 
G65 


C6n5 
Cha5 


G6-5 
G65 


Tré~1 ,contact 10 


6m] 
Tr6~3,vontact 2 
| Tr6-2,contact 4 


Automatic range finder units 


V7-1 ,contact 7 
V7-2,contact 7 
V7-3,contact 7 
Vi7-4.,contact 7 
V7-5, contact 7 
V7-6 contact 7 
|) V7~7, contact 7 
V7~8,contact 8 
V7~9 contact 7 
V7-i0, contact 
V7<i1 contact 
V7-135, contact 
V¥7-i4, contact 
V7—15,contact 
V7=16, contact 
V7-17, contact 
Zw7~i ,coentact 9 
cr chassis 
Zi7~1 contact 9 
cr chassis 
Zw7o1 ,contact 9 
or chassis 


~~) OO On ON 


»10 90-420 


 @rpocr 


606 A.C. 
0 


405 


0 
105 
665 A.C. 
300 
110 A.C, 
505 AC, 


603 A.C. 
6035 AC, 
603 AC. 
603 AC. . 
603 AG 
6e3 Ase 
603 Ae Ce 
663 AC. 
603 A.C, 
603 AC. 
6035 AC 
6035 AC, 
6035 A. Ce 
6e3 Ae So 
603 AC. 
608 A.C. 


,10 270 


710 500 


Range unit (main voltages 


V8~1 ,contact 7 
V8~2,contact 
V8~3 ,contact 
V8, contact 
V8=5 ,contact 
V8-6 ,contact 
V8~7, contact 
V8~8, contact 
V8-9 ,contact 7 

V810, contact 7 
V8441,contact 7 
V8-ti 2, contact 
V8~4 3, contact 
V8-44,,contact 
V8~i 5, contact 
V8~46, contact 
V8=17, contact 
Zw8~2, contact 

or chassis 


MCOOO~ImMOom 


~~ @M OAIN 


6.3 AC, 
6.3 A. Ce 
663 AEG, 
603 A.C. 
663 AC. 
603 AC, 
603 AC, 
“lt 6.3 AC. 
603 AC. 
663 AeCe 
6635 A.C. 
603 A.C. 
603 AG. 
6.3 A. Ge 
6.8 A, Ce 
603 AC, 
603 AeC, 
2 270 


SECRET 


~~ 
3 | Se 
| | 





With R7-80 in extreme positions 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 





io a Aes 


Tr9—1,contact 1 
Tr9-2,contact 4 


e- scontact 2 
~2,contact 2 


V9-5,contact 2 
G9~2, contact 1 
V9~-4.,contact 2 


Gi0—4 
G1 0-2 
G10—3 
G1 O~d. 
G10—5 
G10~6 
G10~7 
G10—4 1 


G10—12 
Oe1o15 


G10—44, 
G10-51 
G10-52 
G10—53 
G10—5h, 
G10—55 
G10~56 
10=57 
40~1 ,contact 1 
W101 ,contact 4 


- Vi0-1 contact 2 


Vi0—1 ,contact 5 
Vi0~2,contact 1 
V1042,contact 4 


Vi0~2,contact 2 


Vi0~2,contact 5 
V10-3,contact 3 
and 6 
Vi0-3,,contact 1 
V10-3 ‘contact 4 
Vi0-3,contacs 2 
V1i0~3 * contact 5 


Vi0~-51,contact 14 
V10-51 ,contact 4 
V10-51 ,contact 2 
V10-—51 , contact 5 
V10~-52,contact 4 
Vi0~52,contact 4 
V10-52,contact 2 
Vi0-52,contact 5 
V1i0-53, contact 3,6 
Vi0-53,contact 1 
V10-53,contact 4 
10-53,contact 2 
V10-53,contact 5 


Vi0~i.,contact 8 
V10-1. contact 4 
Vi0-4. contact 3 
V1i0-5,contact 8 
Vi0-5 contact 
Vi0~5 * contact 3 


WAN Bh Anntant 2 





\__—_—— rc noct 


Power pack of range measuring system 


Tr9=1 ,contact 2 
Tr9-2,contact 2 
V9-~i ,contact 8 
V9-2, contact 8 
v9-5,contact 8 
G9=-2 ,contact 2 
V9~3,contact 5 


Agimuth and elevation tracking unit 


GA0~—35 
G10-35 
Chassis 
GA O--3 
G1 OQ 3 
G10—3 
GIO} 
G1 O~3 
G10~3 
C1083 
GAQ—3 
G1 03 
GA 0-3 
Gi0—3 
G10—3 
C10—% 
G10~3- 
G10=35 
G410—3 
GAQ—3 
C103 
GtOn3 
Gi Ome 
G1 Om=3 
GAQ—3 
Gi0—3 
Gi OW3 


G10~% 
G10~3 
G10—3 
G10~3 
G10~3 
G10—3 
G10~3 
GIO-3 
G10—3 
G10-3 
G10—3 
G10-3 
G10—3 
G10~3 
G10~3 
G10~3 
G10—3 
GAOm3 
G10~3 
G10~3 
G10~3 
G10-3 
G10~3 


PAN_% er RAE 
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110 A.C, 
110 AC, 
, 5 A, C, 


5 A.C, 
5 AC, 
500 
-210 


eae eh 
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V10~51.,contact 4 
Vi0-54.,contact 3 
Vi0~55, contact 8 
V10-55, contact 4 
@O-55, contact 3 
0-6, contact 3,6 
V10-6 ,contact 4 
Vi0~6 ,contact 4. 
V10-6,contact 2 
Vi0w6 ycontact 5 
V10~7,contact 3,6 
Vi0~7, contact 4 
V10-7, contact 4. 
Vi0-7,contact 2 
V10-7, contact 5 
V10~56,contast 3,6 
V1i0~56,contact 4 
V10~56, contact 4 
V10-56, contact 2 
Vi0-~56,contact 5 
@i10-57,contact 3,6 
. }: O~57,contact 4 
V10-57, contact 4 
V10-57, contact 2 
Vi0-57,contast 5 
Vi0~8,contact 4. 
V1i0-8,contact 8 
Vi0~8,contact 3 
V10-8, contact 5 
0-58, cer.tact 4 
~53,contact 8 
Vi0-58, contact 3 
G10~58, contact 5 
V10~9 contact 3,6 
V1i0~-9 ,contast 1 
Vi0~9 ,contact 4 
V10-59, contact 3,6 
V10~59, contact 1 
V10-59 ,contact 4. 


Vii-1,ccentact 7 
V11-2,contact 7 
V11~—3, contact 
Vi1-2., contact 
V11-5, contact 
Vi1-6, contact . 
Vti-7,contact 
V11-8, contact 
V11-9, contact 
Vit-11,contact 2 
Vii-12,contact 2 
Zwii-1,contact 5 
Zwii-2,contact 6 













rE 





NAININIAIN sJ 


Zwi2-2,contact 9 
4Zwi2-2,contact 1 
Mi2-3,contact 2 
Tri2-52,contact 4 
M12-52,contact 2 


G1 Om3 225 ! 
C4 O~3 225 | 
| G1 Q2% 90. 
GI0=% 225 
GI1Q-5 225 
G10~-3 5a 
Gi0—3 350 
GAO 3 30 
G1O~3 225 
GiO=3 225 
GIO 3 38 
G10—3 30 
Gi0—5 30 
G10=3 22 
G10=3 225 
G4 O35 ; 38 
Gi 03 50 
{ G10—3 30 
Gi Oan5 225 
C403 | 225 | 
G10—3 - 38 
G10—3 30 
G10—3 30 
G10~3 | 228 
C103 225 
C1 0n3 30 
Gi Qmn3 38 : 
G1O—35 22 
4O—3 30 
Gi0—3 30 
GiOm3 38 
4O—35 22 
Gi O=-3 g 
Gi0—5 34 
G10~3 30 : 
410~3 30 | 
G10=5 Bly. 7 
G10~3 30 
G4 0m3 - | 30 | 
lan position indicator unit (main volta 
| Vi1-1 ,contact 8 603 AC, 
Vit~2,contact 8 6.5 AC 
Vii-3,contact 8 6.3 AC. 
Vii-.,contact 7 6.35 ACs 
V11-5,contact 8 6.3 AC. 
V11-6, contact 8 653 AC. 
Vi1-7, contact 8 6.3 AC: 
Viit~8,contact 8 603 AC. 
Vii+9,contact 8 6.3 AC, 
Vii-i1,contact 7 663 AC. 
Vii-12,contact 7 6.3 AeC. 
(Zwilie-2,coenbact 2 ‘ 270 
4wii-2,contact 2 270 


Antenna control unit 


Zwi 2—-2,contact 10 110 A,C, 

Tx42=2,contact 2 110 A.C, 

M1i2-3,contact 4 20 A.C, 

Tr12=52,contact 2 110 AC, 
4 es y . 

M1 2-52, contact 4 hie cP A.C, 


es). 


Measured with the socket removed 
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Zwi2-1,contact 11 {| Zwi2-1,contact 12 0-55 A.C, ){ Amplidyne is off when 
Zwi2-1,contact 11 | Zwi2-1,contact 9 0-55 A.C. ){ azimuth hand-wheel is 
Zwi2~4,contact 9 | Zwi2-1,contact 12 0-55 A.C, )| rotated 
Zwi2-1,contact 2 | Zwi2-2,contact 6 0-55 A.C. )| Amplidyne is off when 
@hi 2-1 ,contact 2 | Zwi2-2,contact 8 Om55 Aa Ce elevation hand~wheel. 
12-2,contact 6 | Zwi2-2,contact 8 055 ALC, is rotated 
M1i2—2,contsact 2 M1 2~2, contact 4 110 A.C. Wi2=1 set at SCAN 
Control. panel 
Pii35~i,contact 2 | Pit3~1,contact 3,4. | 220 AC, 
P413-4, contact 3 | Pit3—1,contact 4. 220 AC. 
P243-2,contact 1 | P213-2,contact 2,12 220 AC, Switch on reference voltage 
generator 
P213-2,contact 2 | Pl13-2,contact 12 220 A.C. : a : 
Pai5~2,contact 4 | F213-2,contact 5 220 A.C, Switch on elevation amplidyne 
P213-2,coritect 3 | Pa13-2, contact 4,5 220 A.C. t f at 
Pi13-2,contact 6 | Pi13-2,contact 7,8 220 A.C. Switch on azimuth amplidyne 
P213-2,contact 7 | P213-2,contact 8 220 A.C, ” " 
P213-2,contact 9 | P13-2,contact 10,11 | 220 A.C, Switch on dehydrator 
P213-2,contact 10! P213~2,contact 14 220 A.C. ace 
213-3,contact 1, | P213-3,contact 2,4,6 | 110 AC. Switch on W130 
3 
P£13-3, contact 9 | Pa13-3,contact 10 110 A.C. Switch on W1i3-3 
P213-.,contact 3 | Pk13~/., contact 4,9 33 AC. Switch on reference voltage 
generator = 
P2i3-4.,contact 6 | P2i3-.,contact 5,7, 100 A.C, | x ‘ " 
3,10 
P213-5, contact 1, | P213~6 poontact Ls2s 110 AG, 
@.... 228 3 yh 99 
13-5, contact 10} Pai3-5,contact 11 110 A.C, 
P213-6,contact 11 | P213-6,contact 12 220 A. Co Switch on main control beard 
heaters 
Pai3~7,contact 2 | P2i3-7,contact 3 i 140 AG 


I-F preamplifier unit 





V22~1,contact 5 | Zw22--5,contact 1 1eh=6 )} With R22-63 in 
V22—1,contact 6 | Zw22-5,coxtact 1 160 )| extreme positions 
221, contact 8 | Zw22-!i,contact 1 160 R22-63 set fully 
V22=2,contact 5 Zw22-5,contact 1 — 260 counter~-clockwise 
V22~2,contact 6 Zw22-5,contact 1 160 
V22-2 contact 8 Zw22-5, contact 1 460 
V22-3,contact 5 4w22-5,contact 1 2.0 
V22-3, contact 6 |} Zw22-5,contact 1 160 
V22-3,contact 8  } Zw22-5,contact 1 160 
V22-5,contact 8 Zw22—5, contact 4 250 
V22~6, contact 4 Zw22-5,contact 1 ~505 
V22~7, contact 5 Zw22~5,contact 14 ~505 
V22-8, contact 2 Zw22-5,contact 1 2.0 
V22~8,contact 5 2w22-5,contact 4 125 
V22-9,contact 2 Zw22—5,contact 1 2,0 
V22-9,centact 5 Zw22-5,contast 4 425 
V22~-10,contact 5. | Zw22-5,contact 1 129 
P2-10,contact 6 | Zw22-5, contact 1 44.5 
22~10, contact 8 | Z2w22-5,contact 1 44.0 
V22—=16,contact 3 | Zw22-5,contact 1 375 
V22~16,contact 4 | Zw22-5,contact 1 375 
V22-18,contact 3 | Zw22~5,contact 4 “107 At ~250 V across G22~2 
V22-18,contact 6 | Zw22-5,contact 1 32 u % it ; 
V22~18,contact 4 | Zw22-5,ccntact 1 ~110 y " ” u 
V22-18,contact 8 1 Zw22-5,contact 1 ; = 36 " tt “ " CEPRET 
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Tr22--5,centact 5 |Tr22-5,contact 10 6,5 A.C, 
V22=:8,contact 2 |V22-18,contact 7 653 AoCe 
V22-16, contact 2 |V22—16, contact 7 6.3 AG, 
V22-8,contact 3 | V22-8, contact 4 603 AoC. 
22-4 ,contact 2 V22~4,contact 7 603 AG, 
2-6, contact 2 Y22—6,contact 7 Go35 AC, 
Driver unit 
V23=1, contact 3,6 {Zw23-1,contact 8 0 
V23-2,contact 8 Zw23-1,contact 8 0 
V23—3,contact 4 Zw23~1,contact 8 0 
V23-4., contact 4. Zw23-1,contact 8 0 
V23—5,contact 4 Zw23-1 ,contact 8 0 
V23—1,contact 7 |Zw23-1,contact 8 603 AC. 
V23=2,contart 7 Zw23~1,contact 8 6.5 AC, 
V23~3,contact 1,7 |Zw23~1 ,contact 8 653 AC. 
V23~4.,contact 1,7 |Zw23-1,contact 8 6.3 AC, 
V23-5, contact 1,7 |2Zw23-1,contact 8 6.3 AC. 
V23-6,contact 2 V23-G, contact 8 5 AC, 
V23—7, contact 2 V¥23~7,contact 8 5 AC, 
23-8 ,contact 2 V23-8,contact 8 5 AG, 
V23—1 contact 4 Zw23=1,contact 8 ~i7 Measvwed by valve voltmeter 
WX-2 or the Like 
V23-3,contact 2,6 |Zw23-1,contact 8 eee : " i " 
V23-l.,contact 2,6 |Zw23~1,contact 8 -232( =223 : i * , 
V23~5,contact 2,6 |Zw23-1 ,contact 8 Fado i m7 oe u " 
V23~1,contact 5 |Zw2 3a1 contact 8 115( 405) . os es . " 
V23—-1,contact 2. }Zw23-$1, contact 8 235 220) . mM " e 
23—2,comsact 3,4. | Zw23—1 soontact 8 105 1025 a mS " x 
e-: 3, contact 3 Zw23—1 ,contact 8 910( me “ a s " 
23-4.,contact 3 |{Zw23—1,contact 8 a " noo " " 
V23-5,contact 3 | Zw23-1, contact 8 40( Bly 3 . how . " 
V23-3,contact A, 1 Zw23=4,contact 8 94104 840 a a: Se 
V25-5,contact Ap iZw23~1,contact & 9106 &.0) % " " ! . 


Notes; 1, Given in brackets are approximate voltage values corresponding 
or erm Rami Hts a @ ‘ 
+o measurements taken by a meter, type AVO—5M, The difference in 
measurements is caused by different input resistances of the devices, 
& 2, Take measurements with the range measuring system de-energized, 


Modulator-oscillator unit 


a 


Tr25~10,contact 3 jTr25-10,ccentact b. Aa, 


Tr25-5,contact 3 Tr25~-5,contact 4, A.C. 
P225~14 PL25—12 5e3 AC. 
- PL25-9 © P2251 0 8,2 AC, 
Tr25~3, contact 5 Tr25-3 contact 4. 6.3 A.C, 
Tr2 568, contact 9 ;Tr25-8, contact’ 10 5 AG, 
Tr25-8, contact 14 | Tr25-8, contact 12 5 AG 
V25-1, grid Chassis ~1350(~1275)| Measured by electrostatic 
voltmeter 
V25—2, grid Chassis ~1350( 1275) " pee tt 
V25-3, grid Chassis © =1350(41275 u q " m 
Zw25~8 Chassis «| Sse | " " " " 
Q25-5 contact 4. HChassis © 3900( 3950 8 " M " 


Notes: 1, Given in peas are approximate voltage values corresponding 
to measurements taken by a meter, type AVO--5M, The difference in 
measurements is caused by different input resistances of the devices, 
2. Take measurements with the range Measuring system de-enerpized, 


SEGREL 
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P266-1 ,contact 
Tr66~1 ,contact 


\N 


‘| 


V66~-1 ,contact € 
V66-1 ,contast 4 


- 199 = 
Antenna pedestal 
PA32-1,contact 2,1 | P&32-1,contact 3 0-50 A, C, 
Pi32—1 ,contact 1 Pa32—4 ,contact 2 On5O Ao Cy 
ee: contact 4 nae is contact 5 110 A.C, 
32-1, contact 6 P232-1 ,contact 7 0-50 A.C. 
P#32-1 ,contact 7 PL32-1, contact 4 O~5O A, C, 
P£32-2,contact 12 P132+1, contact i4 26 AC, 
P232~2,contact 2 | P232-2,contact 8 0~100 
P#32~2, contact 4. P2352~2, contact 5 500 
P232~2,contact 6 P3232-5, contact 10 0-400 
P232-2,conteact 9 P232-2,contact 11 0-220 
Pt32~2, contact 10 P232—2, contact 4 0-220 
PL32~3, contact 4 PR32-3,,ccxtact 2,8 O=50 A.C. 
P232~3,contact 2 P2323 contact 8 0-50 A.C. 
@ scontact 3 P232~3,contact 4 0-50 A.C. 
P£32~3,contact 5 P£32~3,contact 6,7 0-50 A.C, 
P2£32~3,contact 6 P232-3,contact 7 }9-50 A, C. 
P232-3, contact 10 PL32-4;.,contact 5 0-50 A, C, 
P232-h contact 5 P252-,contact 4. 0-50 A, C, 
P232~.,contact 6 P232-.,contact 7,8 220 A, CO. 
@ 32-1, contact 7 P232-I.,contact 8 220 A.C. 
P2352—i.,contact 12 Pi32-5,contact 12 0-50 A.C, 
P232-5,contact 2 | PR32-5,contact 1,3 | 33 AG 
#52-5,contact 5 Ph32~5,contact 10 0-400 
232-5, contact 6 P£32-5, contact 7,8 O=50 As C 
oe ,contact 7 P2325, contact 8 0-50 A, C. 
PL32=5,contacy 9 Fas 2-8 scontact 10 O=-| OO 


Function switch on antenna 
control unit is set at AUTOMATIC 
Depends upon azimuth speed 

of pedestal 


Depends upon elevation speed 
of pedestal 

Depends upon rotor speed of 
M3256 

Depends upon rotor speed of 
M32—6 


When turning azimuth handwheel, 
Switch off amplidyne 


tt " it it " 
" tt ‘t t " " 


When turning elevation hand- 
wheel, Switch off elevation 
amplidyne 

tt ft 





Reference voltage generator 
energized 

ft tt tt " st 
When turning elevation hand 
wheel, Switch off elevation 
amplidyne 


Depends upon elevation speed 
When turning elevation hand~ 
wheel, Switch off elevation 
amplidyne 

When turning elevation ini 
wheel, Switch off elevation 
amplidyne 

Depends upon elevation speed 
of pedestal 


Drive moter excitation rectifier 


P266~1 ,contact 
Tr66—1 ,contact 
P266—1,contact 
P1661 ,contact 


ah wk RD wd 


| 300 


110 A.C, 
590 AJC, 
390 A.C, 


SECRET 
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VOLTAGES ACROSS CONNECTORS OF MAIN CONTROL BOARD WITH UNIT REMOVED 


Automatio tracking channel amplifier unit — 


eo scontact 4 | Zwi-6,ccatact 2 440 A.C, {Function switch on antenna 
control unit is set at AUTOMATIC 
Zwi-6,contact 6 Zwi-6,contact 4 =105 
Zwi-6,contact 8 | Zwi-6,contact 4 3C0 
Zwi-6,contact 9 Zwi-6,contact 10 110 A.C. 


Range channel amplifier unit 


Zw2eh,contact 9 | Zwah,contach 10 | 11040 | 


Renge indicator walt 


Zw3—1,contact i | Zw3-1,contact 2 6o3 Ao Ca 
Zw3—4 ,contac’ 3 | Zw3—1 ,comtact 9 ~(45=100) /Depends upon position of R5-18 
(power pack of range measuring 
; Jand plan position indicator 
isystems) 
Ou ycontact & Zw3-1 ,contaas § 28 
Zw3~1,centast 5 Zwiet ,contact 9 270 
Zw3=i,contach 7 | Zw5—| ,contacs 9 4.90 
Zw5e5 Zw3—| contact 9 ~1700 


Range mechanism uit 


Zwh-3,contact 2 Zvi contact $e3 AG. 
wy3,contact 6 Zvij~3 contact 10 270 
wh-3,contact 14 LZwhe% contact 13 410 AG, 
Zwht.,contact 7 Lvipet, ,comtact 9 220 A.C. With high voltage off in 
: medulator-oscillator unit 
Zw}. contact 4. Ziel: contact 16 110 A.C. 
Zwyp~).,contacs 10 Lidl. contact 12 4410 A.C, 


Power pack of range measuring and plan nosition indicator systems 


Zw5~2,contact 13 
@ Zw5-3,comtact 9,10| 


Zw52,contect 16 


4140 A.C. | 
Zw5~3 contact 11,12 | 


110 A.C. 





Automatic tracking unit 





Zw6~1 ,contact 6 Zw6~1 ,contact 7 410 A.C, {Press the error signal button 
: on range mechanisms unit 
Zw6—4 ,contact 15 Zw6—4 ,contact 16 110 A,O, 
Zw6—2 ,contact 2 Zw6--2,contact 4 C50) A, CO 
Zw6~2, contact } Zw6—2,contast 15 0-50) A,C 
Zw6—2,contact 12 | Zw6-2,contact 13 (0-50) Ao 
Zw6-2,contact 13 Zw6—2,contact 15 (0-50) As C 
Zw6~2,contact 6 | Zw6=2,contact 10 410 A.C, 
Automatic range firder unit 

Zw7~1 ,contact 1 | Zw7-| ,comtact 2 1 = 6a3 Ase 

w7~1,contact 5 Qype} ,comeass 9 590 
Zw7—1,contact 6 Zwim\ ,contact 9 | 270 
Zw7=2,contact 3 Zwf-2,conteact 4. 410 ALG, - 
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Zw8~=4 ,contact 
Zw8=1 , contact 
8~4 , contact 
wO~1 ,contact 
Zw8~1 ,contas 


2w9-4 ,contact 1 
Zw9~1 ,contact 12 
4w9~2, contact 4 
Zw9~2,contact 7 


ZwiOm4 ,contact 2 
Zwi0-1 ,contact 6 
Zwi0-4 ,contact 7 
oe: Q-4 ,contact 8 
2 


= 201 = 
Range unit 
4 28-1 ,contact 2 6e5 AoC. 
5 Zw8-| ,contact 10 “5 Voltage may deviate up to £50% 
6 Zw8~4 ,contact 10 270 
7 Zw8=1 ,contact 10 -210 
9 Zw8e4 ,contact 10 -3), |Voltage may deviate up to 50% 


Power vack of range measuring system 


Zw9~-4 ,contact 2 110 AG 
Zw9-4 ,contact 13 » 440 A.C. 
Zw9~2,contact 3 270 

ZyO=2,contact 8 440 A.C. 


Azimuth and elevation tracking unit 


Zwi0=1 ,contact 1 
ZwiQ~j ,ccatact 22 
Zwi0~4t ,contact 4 
Zwi0-{ ,contact 14 


6,3 AC, 


fi Llegible/ 


Ub 


Zwi 0-4 ,contact ZwiO0-i ,coxtact 10 : Function switch on antenna 
control unit set at AUTOMATIC 
Z2wiO-1 ,contacst 1 awi0—1 ,contact 11 400 A.C, 
Zwi0-1,contact 1 4wiQ=4 ,contact 12 100 A.C, ‘ 
Zwidu4 * contact 15 jZwiO-1 ,contact 17 0-50 A.C. 
Zwi0-1 ,contact 16 {Zwi0-1,contact 18 O-50 AoC. 
2wi0-Z,contact 9 Zwi0w2,contact i1, {CO A.C. ! 
Tet oe 4eb 
© Pian position indicator unit 
Zwii~-1,contact h. 'Zwii-1 contact 14 ' 49 
Zwii-1,contact 5 Zwitet contact 4 27C 
Zwii-1,contact 6 IZwlt—1,contact 4 460 Voltage of up to -4.00 V 
| (without load) is permissible 
Zwit~1,contact 7 Zwit-1,contact 4 190 er 
Zwii-1,contact 10 Zwiiet contact 4 3h. 
4wii-2,contact 1 4Zwit-2,contact 3 20 AC. Yoltage cf up to 35 V AC, 
(without load) is permissible 
@ ont i-2, contact 7 Zwii-2,contact 9,10 0-50 A.C. 
Zwili-2,contact 9 4wit-2,contact 10 0-50 AC, 
Zw\i~2,contact 11,12) Zwit1-2,contact 13,14 | 6.3 AC, 
‘Zwii-2,contact 15 {| Zwi1-2,contact 16° 6.35 AC, 
Zwi 4 ~2:. Zwiti~1,contact 1 1 4800 


Zwi 2=1,contact 8 
Zw 2-4 ,contact 
Zwi 2-2,contact 9 


Notes: 


Antenna control wait 


Zwi2=1,contact 4 500 
19 Zwi2~2,contact 10 110 A.C, 
Zwi2-2,contact 10 1490 AJC, 





1.- The AC, Voutage , 
the value specifi 


when. being ee is allowed to deviate from 
ed in the chart by © 
2, The valve filament voltage (6.3 V A C.), ¥ xen being measured, is 
allowed to deviate from the. “value specified in an chart by about 
* 2% (measured at incomplete load). 
3. The D.C, voltage y when being bby 8 
the values specified in the chart by * 











is allowed to deviate from 
per cent (measured at 


incomplete load), 


4, Voltages are measured with the radar station and AA fire director 
energized except for the unit being tested, Disconnect the transmitter 
high voltage when measuring voltages of the power pack of of the -range 
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APPENDICES 
Appendix 1 


@ Spare Parts, tools and accessories (ZIP) 


for the SON-9 station 


The spare parts, tools and accessories (ZIP) for the SON-9 are contained 
in cases inside the station cabin (cases 1, 2, 3, 4, 5, 6 and 7) and inside 
the truck body (cases 1, 2) and the case with spares for dehydrator AD<220-T. 
The spare parts, tools and accessories for power unit APG-15 are held in a case 
and in kits inside the truck body. . 


Cases 1, 2, 35 4 and 5 contain: 
Case 1 - a magnetron and technical papers for the station}; 


case 2 - valves 6Z1P, 5035, VU-111-D, pilot and dial lighting lamps MN-~3, 
types 14 and 15, a car lamp, crystals DG-S1 and DK-T1, 
insulator TJF-34, fuses for 1, 2, 3, 5 and 6 and 10 A, coloured 
caps for pilot lamps, etc} 


@ case 3 - WS and SP type fuses, insulation tape, grinding paper, a soldering 


bit, tubular solder, an oiler, goggles and tools (round-nose, 
flat-nose pliers, wire-cutters, screw~drivers, ete); 


case 4 ~ capacitors KSO and KTK, potentiometers, a kilovoltmeter for 
30 kV, D.C. milliammeter for 1, 20 and 50 mA, A.C. voltmeters 
for 150 and 250 V, buttons, fuse holders, limit switches, a 
- dynamometer, selenium and copper-oxide rectifiers, resistor — 
leads, etc. 
@ case 5 = valves 6P35 , GI-30, GU-50, 6P9, 628, 624, 68S , 6N9S 5 
6K3, 6H6S, 5C4S, SG3S, SG4S; discharger 2¢-5, klystron K-11, 
-and fuses for 5, 10, 15 and 25 A. 


Cases 6 and 7 in the lower part of the transmitter cabinet contain: 


case 6 - pilot, testing and telephone cables, a portable lamp, a cable 
for battery charging and an intermediate cable} 


case 7 - a folding chair, hand bellows, a template for mounting the 

@ antenna~feeder system, tools and spares for the trailer chassis. 
Case 1 contains co~rosion-preventive compound, a valve tester and four 
packing boxes i~1, 1-2, 1-3 and 2-6; 


box 1-1 holds: fitter's tools (a drill, a hack-saw frame, a hand vice, 
: drill chucks, wrenches, screw-drivers, files Ste): 


box 1-3 holds: valves 7ZiP, 6P9, 628, 624, 6N8S, 6H6S, 6K3, discharger 
4378-D, pilot and dial lighting lamps MN-3, types 14 and 15, lamps 
and the level indicator} 


box 2-6 holds: valve GMI-30 


packing box 1-2 is empty. 


Case 2 contains oscillograph LI-125 and four packing boxes 2-1, 2-2, 2-3 


and 2-43 
©@ box 2-1 holds valves GMI--30 and cathode-ray tubes 8L030 and 181M35 3 . 
box 2-2 holds valves 6P3S, GI-30, GU-50, 202S, 5C45, SG3S5, SG45 and 
ZG-5 « 


box 2~3 holds valves 5035S, VU-111-D, Wi-0.1 /40, Wi-0.02/20, 
magnetrons MI-18-21, klystron K-11, polystyrene cement; a 
polystyrene housing with an antenna head} 


peste cate 4 CLARET ; 
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‘box 2-4 holds capacitors (types KS0O, XBG, KTK, KDX, BM, KEG, KPK, 
RL), resistors (types WS, CPi, PO, PEW), tubular and packet-type switches, 
tumbler switches, section switches, relays (types ZU, GRW, Ri, 10 b)y 
valve sockets, current collector brushes, selsyns connectors, gaskets , 
fastenings, wires, grade GOJ paste, spares for WEM-5A, drive motor 

@ MI-12F and the reference voltage generator. 


Case with spares for air dryer AD-220-T is located with the power unit on 
the truck body. 


Components, included in the set of spare parts, tools and accessories 


for the SON~9, and the number of cases holding these components are 
fully presented in the list of spare parts, tools and accessories.* 


* The list of spare parts, tools and accessories for each station 
may be altered. , 
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LIST OF ELECTRONIC VALVES USED IN STATION 














GOST Figg& 
Technical 
Specification 





"Number and type Quantity Circuit designation 





Vint ,Vi-2,,Vin3 Vie Vind, 

Ving ,Vi~8,V1=14 ,V2~4 ,V2—3 ,V2-h., 
V3~2 View? ,V8-9 ,V8~10,V8=12, 
V22—4 ,V22-2 ,V22—3 ,V22-5,V22~7, 
V2210 

Vi-9 ,V4—44.,V5-8,V 7-1 ,V 72, 

V [= .V 7-5 ,V 76 pV 7-7 VOn13, 
V8~47 


Rafio-~frequency pentcde 624. | 01-4.01+52 


Output pentode 6P9 01 =4.00~52 





a tetrode 6235 























SEGRET 


Transmitting pentode GU-50 44=1.05~52 V1 45, V5—1.V5~5 ,V5-6 ,V5-7 
Radio-frequency pentede 6Z1F} 01-103-52 V22~8 ,V22—9 
Radio-frequency pentcde 6K3 | 01-209~53 V6-3,V 7-13 ,V8—1 
Radio-frequency pentode 623 | 01-05-52 Vii-141 ,V22~18 

04=410~52 V2~5,V7-9 ,V7=10,V8-5,V1 Ont, 


V4 0~5 ,V10~51: ,V40~55,V1 4k, 


V11~-42,V22—16,V23—2 
Double beam tetrode GI-=30 141 -4.02—52 V23—3 V 25-4, V25—5 
Double triode 6N8 01-310=52 V1-10,V3=1 ,V3-3 ,V5—,V35—-5, 


Vi=4 ,V6-l.,V7-8,V 7-14 V1, 
V7-15 ,V8~6 ,V8~7,V8-8,V8~14., 
V8-15,V8~16 ,V10—1 ,Vi0~-2, 
V10~3,V10-6 ,V10~7,V10~51 , 
V10-52 ,Vi0-53 ,V10-56,V10-57, 
Viteut V11-2,V11=3,Vi1-5, 
Vi1-6,V11-7,V41~8,V23~1 , 
V25-23 


Double tricde GN9S O1-314-52 V7~16,, V8=2 ,V8=3 ,V8—.,V10-9, 
Vi0=59 
Pulse triode GMI-30 14-1.0752 V25—4 V25~2 V25—3 
Voltage stabiliser S39 02~701-52 V1-15, ,V2=10,V5-9 ,V6-5,V7~12, 
V9=3 ,V9~4. ,V22—20 
Voltage stabiliser SG4S 02m 700~52 Vi1-10,V 22-4 2,V22-47,V22~24 
BDouble diode ¢HéS 01-220-53 . Vi-7,V2-2,V6~2,V7-3 ,V 7-17, 
I | V8~44 ,V10~8,V10-58,V22—H., 
V22-6 
Kenotron 5G3£ C4 4.4 8-52 V5—2 ,V5-3 ,V5=11 ,V6~1 VIA, 
V9R2 V9=5 
Kenotron 5GLS O1-227~53 Vi-12,V2-7,V2-8,V2~9 ,V22—11, 
: — V22—4l:. 4V22—1 9 ,V23~6,V23~7, 
V23—8 
Kenotron 2G25 01-508-52 4. V5=1 
Kenotron Wi-0,C2/20 4 Biol. 01 52 1 V5~10 
Kenotron Wi-0,1/1,0 4 3-4.00-52 5 V25~4.gV 25-5 ,V25~6 V25—14, 
V25=412 , 
Kenotron VU-i141+—D 43-102-52 3 V25~8 ,V25~9 ,V25-10 
Klystron K~11 N9—| O74 52 3 V22—22 
Magnotron MI~18-24 C66 51 52 4 V25~7 
Cathode-ray tube 8L030 O75 03—52 2 V3—6 ,V3-7 
thode~ray tube 181M35 OF 30852 1 Vi1-9 
ischarger ZG-5 | 121.0152 4 | V28~4 
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Appendix 3 


Amplitude-frequency characteristic meter URAL-2 


of antenna positioning system of the SON-9 station 


1. Follow-up system operation frequency method of analysis 


reese TE AS 





General 


At the present time a frequency method of analysis is widely used for. 
the investigation of the follow-up system operaticn. Basic information on the 
frequency method giver. below enables the operating personnel to tune the element 
of the follow-up system of the station. . 


The follow-up system of the station comprises the transmitting, antenna- 
-feeder, receiving and antenna positioning systems. The follow-up system is 
closed through the space, in which energy in the form of radio waves is emitted 
by the entenna, and the target, reflecting it as an echo. 


The quality of the follow-up system operation is determined by the 
characteristics of the devices and systems (previously mentioned). Therefore 
+o ensure normal operation of the follow-up system the devices and systems 
incorporated in it must possess quite definite characteristics. 


The main characteristics of the transmitter~receiver which determine the 
quality of the follow-up system operation are linearity and stability of its 
nominal parameters (absence of breakdowns in the feeder, normal sensitivity 
of the receiver, stability of the receiver tuning, stability of heterodyne and 
magnetron frequencies, etc.). 


The space can be considered an inertialess element of the follow-up 
system, since, due to high propagation velocity of electromagnetic energy; 
the delay time of signals in it is appreciably shorter than that of the error 
signals in other elements of the system. 


Owing to the automatic gain control acting in the receiver, the 
attenuation of signals in space can actually be considered constant and 
independent of the range of the target being tracked. 


The input of the follow-up system is furnished with a useful signal 
dependent on the departure of the target from the antenna electrical axis 
(error signal) and noise caused by accidental changes of the target reflecting 
surface. Let us take the case when the tracked target changes its coordinates 
in azimuth only. 


In the absence of noise the inout of the antenna positioning system 
during target tracking is fed with amplitude-modulated voltage pulses: 


E> &, (1 + mcos® +) 


where By _ the amplitude of pulses when the antenna electrical axis is 


coincident with the target direction; 


Q -— modulation frequency amount ing to 24 c.p.S. ie. to the antenna 
head revolutions per second; 


m — modulation depth proportional to the tracking error. 
The change of the target coordinate (azimuth) is graplically shown in Fig. 273.6 

The error of the target tracking of the follow-up system is proportional | 
to its angular rate and therefore the modulation factor is also proportional | 


to the angular rate; 
Cr Anr yr / | 
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The target azimuth angular rate wB (Fig.274) can be presented as a 
sum of components varying sinusoidally (harmonic components), i.e. aS a spectrum 
©: of the useful signal (Fig.275). 
My 


m 


i = 00 
For this reason the voltage coming to the input of the antenna 
positioning system when the target azimuth changes (and there is no noise) is 
a pulse voltage modulated in amplitude by the frequency spectrum of the useful 
Sisnal. 


In the presence of noise i (t+) the pulse voltage will additionally be 
modulated by noise whose frequency spectrum for a single target is show. in 
Fig.276. 


Thus, during target tracking the voltage pulses modulated by the useful 
Signal and noise arrive at the input of the antenna. The typical envelove 
of the frequency spectrum of such pulses is shown in, Fig.277- The useful 
6 signal occupies comparatively narrow band within 24 ~1 c.p.s, The noise 
occupies a broad band ranging from zero to some dozens of cycles per second. 





To track the target with minimum errors, the antenna positioning system 
must not distort the useful signal and should weaken the noise. For this 
reason the system must possess appropriate characteristics which can be 
determined by using various methods. One of the most widely used methods at 
the present time is a frequency method of analysis of the follow-up system 
operation. 


The essence of this method consists in establishing the required 
amplitude-frequency and phase-frequency characteristics of the follow-up system 
on the basis of the input value changes and accuracy in reproduction of this 
value at the output of the follow-up system. 





The amplitude-frequency characteristic of the follow-up system in closed 
state y _(f) is defined as the dependence of the relation of output signal 


amplitudé 9 output $0 amplitude 6 input of the input signal varying sinusoidally 


&@ upon frequency (Fig.278) when the system operates in a closed state, i.e. when 
the output signal is applied to its input. 


The amplitude-frequency characteristic of the follow-up system in an 
open state Y (f) is defined as the dependence of relation of output signal 


amplitude 0 Baan to the amplitude of error € varying sinusoidally upon 


frequency (Fig.279) when the system operates in an open state. 


The phase-frequency characteristic of the follow-up system is defined 
as the dependence of the phase difference of the output and input signals upon 
frequency (Fig.280). 

The frequency method can be used, provided the follow-up system is linear 
and the signal arriving at its input can be presented as a sum of harmonic 
components. 


When the input of the follow-up system is furnished with signal: 


) 


‘ verying sinusoidally at frequency f, value @ Baume will vary sinusoids Rg RFT 


0 input ~ 6 input Tm. sin(2n ft +© input 


at the same frequency f and its amplitude 8 and phase will be 


output output - 
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determined by the amplitude frequency and phase-frequency characteristics of . 
the system: 


- \ 
6 output —~ x (£8 input m 


gin(2n ft +9 eo 
The input signal can be presented as a sum of components varying sinusoidally 
at frequencies from 0 to @, i.ee2 : 


i= © 


8 (t)= 2 0 


input input mi 228(2TF; +9 snout a) 


Fach harmonic component of the input signal of the given frequency will 
cause the harmonic component at the same frequency at the output of the follow- 
up system. This component differs from the input signal by amplitude and 
phase. 


The knowledge of the harmonic components at the input of the follow-up | 
system, its amplitude~frequency and phase-frequency makes it possible to find 
the law governing the variation of the output signal: 


i = 0 
. = 3 : 
(t) A Y(f,) © sin(2n f,t +0 


output input mi output ) 


and the input signal error reproduced by the follow-up system: 


e (+) (+t) - 0 (t) 


aa. input output 


Therefore in order to find the value of output signal 6 knowing the 


output 


value of input signal 9 it is necessary to know how the amplitude and 


input 
phase of the harmonic component of the input signal change when the latter is 
passed through the follow-up system. in other words it is necessary to know 
the frequency characteristics of the follow-up system. 


Consider which conditions should be fulfilled by the frequency 
characteristics so that the follow-up system may exactly reproduce the input 
signal. 


Fig. 28lashows input signal 0 : which must be presented by the 


nput 
follow-up system having frequency characteristic Y (f) illustrated in Fig. 28lc. 
The input signal frequency spectrum G64 input (£) is shown in Fig. 281b. 


The value of harmonic component Gg (f,) of frequency an at the 


s output 
output of the system (Fig. 28h) is obtained by multiplying the corresponding 
harmonic component of input signal Gg innit (f,) (Fig.28b) by amplification 


factor XQ (£3) of the system at the given frequency. The factor is determined 
by the amplitude frequency characteristic of the follow-up system in a closed 
state (Fig. 28k). 


Input signal 0 is exactly repeated by output signal ® 


output at 
(f) is exactly 


input 
case the frequency spectrum of the input signal © 8 input 
repeated by the frequency spectrum of the output signal G6 euapues)* 


For this purpose all the harmonic components of the input signal 
frequency spectrum must pass undistorted through the follow-up system. This 
is feasible when the amplification factor of the follow-up system at all 
frequencies equals 1 and phase relations between the harmonic components at 
the output are the same as those at the input. In other words the amplitude- 


-frequency characteristic of the follow-up system must have infinite pass band, 
ClARE 
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ioe. must be represented by a line (Y' (£)in parallel with the frequency axis 
at a level equal to 1 (Fig.281c). 


If the characteristic differs from straight line Y) (f) and is curved 
@ as ¥(£) shown in Fig.281c, the output signal (Fig.28l¢) will reproduce the 


input signal inexactly. 


The follow-up system may have an intinite pass band only in the absence 
of noise (foreign signals) at the input, since in this case the exact 
reproduction of the input signal is possible. 


In the presence of noise it is necessary to find a compromise between 
the accuracy of the input signal reproduction and the degree of noise suppression. 


For this purpose, the pass band width of the system should be, on the 
one hand, wide enough to prevent heavy distortions of the useful signal harmonic 
components, and, on the other hand, narrow enough to bar or weaken noises. 


As was mentioned before, the input signal which arrives at the antenna ’ 
positioning system during the target tracking, consists of two components, 
& namely: useful signal We (t), which is actually an assigned function of time 


i.e. the law governing the flight of the target being tracked, and noises n (+) 
ceusad by the change of the target reflecting surface. 


The follow-up system responds to the useful signal with some definite 
errors springing from the distortion of the useful gignal harmonic components 
and noise reproduction. 


@ The error consists of two components: 


(+) 


e(t) = «€ a (t) +6 é 


where e,(t) - the systematic error of the useful signal reproduction 
caused by the distortion of its harmonic components; 


e,(t) - a random error of the useful signal reproduction caused by 
the noise influence. 


@ Random errore (+) is determined by the value of mean-square tracking error 
(€ ) equal to ~ 
E = 0.67/6 c “ 


| Serer 


is the mean-square error (mean arithmetical value of accidental 





ahoreve e 
c 


error squares). 


The mean-square error is determined by the amplitude~frequency 
characteristic of the follow-up system in a closed state Y(£)> by composition 





of harmonics and noise intensity G (f) producing action on the system: 
n 
00 
oe E 2 
a oe key Ga) at 


From Fig.268 it is evident that the intensity of noises from a single aircraft 
at a frequency of 24 c.p.Se (within the pass band of the follow-up system) 
may be considered constant. 


In this case € 2 2 ks ; 
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LUNULI 3 
where S ~-the area of the amplitude-frequency ee acteristic in a closed state, 
whose coordinates are squared (square amplitude-frequency 
characteristic); 


® K - the proportionality coefficient. 

7 Thus, in order to find the mean tracking error it is necessary to know 
the noise level and calculate the area of the amplitude-frequency characteristic 
of the follow-up system in a closed state. 


The fixed error of reproduction of the law governing the motion of the 
target being tracked © 4 (t+) can be presented as a series of components 


proportional to the given law of target motion g (t) and its derivatives; 
C 
2 
€ git) = C a(t) + C,a'(t) + ret a" Ct) suse 
where Coa(t) ~ the static error of the follow-up system; 


Cya'(t) = & at(t) - the error caused by the angular rate of the 
target being tracked} 

Co 

seh) € g"(t) - the error caused by the acceleration of .the 

arget being tracked. 


as 
u 


Coefficients Cos Cis Cos ete. are termed error coefficients. They 


can be determined by the amplitude-frequency characteristic of the follow-up 
system in an open state. 


@ Coefficients, equal to the relation of the angular rate of the target 
i 


being tracked g'(t) and the error occuring at the given rate, is defined as 
quality factor of the follow-up system. 


Thus, to find the fixed tracking error it is necessary to know the law 
of target motion and its derivatives and determine error coefficient 
Co: Cys Cos etc. by the amplitude-frequency characteristic of the follow-up 


system in an cpen state. 


& In practice when tuning the follow-up system it is necessary that the 
tracking errors should be at minimum and not in excess of permissible values. 


. In this case there is no need for calculating the values of the mean 
and fixed error as above. Instead it is necessary to proceed from the 
constants of the amplitude-frequency characteristic of the follow-up system 
at which the system will track the target with minimum mean and systematic 
errors not exceeding the permissible values. 


To avoid impermissible systematic errors, the quality factor is taken 
as a constant easily obtainable by experiments. This constant determines 
the fixed error component caused by the speed of the target being tracked. 





In order that the systematic error components, caused by the 
acceleration end the higher derivatives of the law of target motion do not 
@ exceed the permissible values a minimum pass band width of the follow-up system 
_ FB (fig.282) is set. 


If the pass band width is narrower, the harmonic components with higher 
frequencies caused by tue acceleration and the higher derivatives of the law 
of target motion are passed weakened through the follow-up system. The result 
is that the systematic tracking error increases. SEGRET , 


In order that the mean error of the follow-up system does not exceed 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 














Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 a 


n 
the permissible value, the height of Alicia (Fig.282) of the amplitude- 
-"requency characteristic of the system in a closed state is set, (when 
tuning it) proceeding from the fact that the area of the square amplitude- 
~frequency characteristic with the pass band assigned is proportional, to 
a certain extent, to its maximun value, 


The follow-up system is practically tuned so that; 


- the quality factor of the system is at least 100-150 1/sec for the 
azimuth channel and 50-80 1/sec.for the elevation channel} 


- the pass band width for the azimuth channel ig within 0.8 and 1 
CoP. (5-8 rd/sec. ) and for the elevation channel is within-.0.5 and 0.9 
(3-6 rd/sec)3 


oe) 
c 


- the peak of the amplitude-frequency characteristic of the system in 
a closed state is not more than 2 (not more than 6 db). 


Provided the conditions are fulfilled and the transmitter-receiver 
operates normally, the radar station will track the target with errors not 
exceeding the permissible values. 


When tuning the sound follow-up system (i.e. when the station coverage 
is normal, there is no breakdown in the feeder, the magnetron and oscillator 
frequencies are stable, the components ured in the positioning system units 


oPeoSo 


are sound and voltages in the units correspond to the normal values), the above 


parameters of the antenna positioning system are easily obtainable. 


In this case the job consists in choosing the position of the gain 
control knob in the automatic tracking unit and gain control knobs of the 
feedback circuits in the azimuth and elevation channels of the tracking unit. 


The antenna positioning system is actually the system with negative 
feedback. This means that the signal from the system output is injected 
into its input in opposition to the input signal. However, since the system 


is provided with a large quantity of electrical parts (capacitors, inductances, 


amplidynes, drive motors, antenna capable of moving under its own momentum) 
making the signal pass slower, negative feedback at some frequencies acts as 
positive. 


If the system gain becomes equal to one at a frequency corresponding 
to positive feedback, the system will be excited and sustained oscillations 
will occur in it. 


These oscillations can be cancelled by decreasing the system gain, at 
this frequency (by turning the gain control knob in the automatic tracking 
unit counterclockwise. ). But this will be simultaneously accompanied by 
a decrease of gain at the other frequencies including those contained in the 
spectrum of the useful signal, which will result in an increase of fixed 
tracking errors. 


For this reason the gain of the system should be so selected that its 
quality factor is not less than the permissible value. 


[ dust under half a page blurred and illegible/ . 


his in turn depends upon the fact that at low frequencies the feedback 
voltage phase at the output of the filter (if it contains a choke) 
varies within 90-and 180° with respect to the voltage taken off the velocity 
feedback bridge and the feedback becomes positive, not negative. 


If the feedback filter does not contain a choke, the feedback voltage 


CREE 
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phase varies within O and 90° amo ouBEl remaining negative at all | 
frequencies. But in this case the gain of the feedback circuit should not 

be very high as it will result in the pass band of the system being greatly 

narrowed and, consequently, fixed tracking errors will increase. 


Therefore the feedback magnitude is selected so that the peak of the 
amplitude-frequency characteristic is minimum and the system pass band is not 
less than permissible. 


The above characteristics of the follow-up system are checked by means 
of an amplitude-frequency characteristic meter, "URAL-2". 


The system, while being tuned, is considered faulty if permissible 
values for quality factor, pass band and peak of the amplitude—frequency 
characteristic cannot be obtained. 


2. Measuring the Bearing Characteristic of the SON-9 
Station 


In order to determine the input signal voltage when measuring the 
@ amplitude-frequency characteristic of the station it is necessary to determine 
its bearing characteristic, i.e. dependence of the voltage magnitude at the 
output of the azimuth and elevation tracking unit upon the mismatch angle 
between the antenna electrical axis and tke target direction. 


The bearing characteristic is measured with the use of a reference 
landmark during automatic range tracking. 





: The landmark must fulfil the conditions specified in Part 2, Chapter 
10, Section 7. The local objects arcund it saould not be nearer than 200 m. 
in range and 1-00 in angular coordinates. It is necessary that the reference 
landmark should have small angular sizes in azimuth (not greater than 0-02). 


















To determine the slope of the bearing characteristic curve proceed as 
follows: 


(a) Aim the antenna directly at the reference landmark, set the \ 
function switch MODE of OPERATION at AUTOMATIC. 
Use instrument AVO-5 to check balancing of the azimuth and elevation 
@ tracking unit (voltage across jacks EXCITATION should be equal to zero when 
button ERROR SIGNAL OF on the range mechanism unit is depressed), 


(b) Check for evidence of breakdowns in the antenna-feeder system. 


(c) Check whether signals are modulated in amplitude and frequency; 
for this purpose switch off the amplidyne and reference voltage generator. 
The top of the pulse reflected from the landmark as an echo, which can be seen 
on the fine range indicator, should not be blurred by more than 30 per cent 
as compared with the sweep trace thickness. 


(a) Attach connector 213-7 of the range indicator unit to the input of 
the automatic tracking writ (jack INPUT) since the landmark echo must arrive 
at the automatic tracking unit every repetition period. In this case the 
sweep must not slip in the base of the pulse observed on the fine range 


@ lndicator. 


(e) Use the AGC potentiometer of the automatic tracking unit to set 
6.5 mA on instrument PLATS CURRENT. 


(£) Set the voltage values across the jacks of the automatic tracking 
and azimuth and elevation tracking units as instructed in Part II, Chapter 
10, Section I, under Subsection "Tuning the System during Manual Antenna 
Control", Points 2-4 and Section 7 Points 1,2. @£PREY 
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(g) Move the antenna off motoBEl. landmark by 0-10 in azimuth 
and switch off the amplidynes; set knob AMPLIFICATION of the automatic 
tracking unit at "5" and switch MODE OF OPERATION to AUTOMATIC. Use 
instrument AVO-5 to measure excitation voltage across jacks EXCITATION in 

: & the elevation channel of the azimuth and elevation tracking unit; the 
P excitation voltage for the elevation channel is not to be greater than 5 V. 
If it is, adjust the reference voltage generator as instructed in Chapter 10 
Section 7. 


(h) Set switch MODE OF OPERATION at MANUAL, switch on the azimuth 
amplidyne and move the antenna off the landmark by 0-20 -— 0-25. 

Switch off the amplidyne and after it has stopped set the function 
switch at AUTOMATIC. Use instrument AVO-5 to measure voltage across jacks 
EXCITATION of the azimuth channel. . 

Carry out operations outlined in Point 'h" every 0-04 ~ 0-06 
as far as 0~20 - 0-25 of mismatch to the other side from the basic position. 


Plot the chart of the bearing characteristic curve as the dependence. 
of the azimuth amplidyne excitation voltage in volts upon the azimuth 
deflection in mils. Plot the slope of the bearing characteristic curve 

& in volts/mils on the straight portion of the chart (Fig. 283). 


The slope of the bearing characteristic curve is determined by the 


formula:. 
Ko = kK = 
n 
where X - the coefficient characterising the landmark selected; 
@ u. - the excitation voltage drop between two points on the straight 
portion of the characteristic curve; 
n ~- the number of mils between the two selected points. 


Find the magnitude of input signal Diana = K (0-03) (See Section 4, 


Subsection "Measuring Amplitude-Frequency Characteristics with System in a 

Closed State", Point 12 of the present Appendix); the value obtained should 

be taken as the datum for the initial check of the system ina closed state 
@ until the azimuth channel gain is readjusted. 


Notes Coefficient K is defined as the relation of the slope of the 
bearing characteristic with the use of an aircraft, to that 
measured with the use of the given landmark. 


The coefficient value may vary depending upon the landmark selected. 


When an aircraft ig used to measure the slope of the bearing characteristic 
it is necessary that the aircraft should hold a straight-line radial course. 


Measurements are taken at distances of 8 - 10 kn. In this case the 
current in vaive 6KB in the automatic tracking unit is adjusted by AGC 
potentiometer to 6.5 mA and knob AMPLIFICATION is set at position "5". 


To determine the slope of the bearing characteristic with the use of 
& an aircraft it is necessary tc operate potentiometer BALANCE to establish - 
30-40 volts (on each side) across jacks EXCITATION of the azimuth channel. 


To measure the mismatch angle, photograph the aircraft through the 
sight, the number of frames being not less than 25 if unbalancing takes place 


on both sides. SECRET 


Calculate the slope of the bearing characteristic, for which purpose 
divide the set voltage by the average value of the mismatch angle in mils. 
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3. Description of Meter 


Block Diagram of meter 


The amplitude-frequency characteristic URAL 2 is comprised cf bhe 
following elements: 
= Sinusoidal oscillation generator M-1} 
-~ Constant speed motor Dw; 
- Friction clutch Fr; 
- Reducer R; 
- Tachogenerator GT; 
~ Frequency indicator WO23 
- Input signal phase control circuit; 
- Input signal amplitude control circuit; 
- Output signal phase control circuit; 
@ - Output signal amplitude control circuit; 
~ Summing amplifier; 
- Indicating amplifier; , 
-~ Circuits for setting bias of automatic tracking unit AGC valve} 
‘- Adapter. 
Input selsyn M-1 is rotated by means of the motor through the friction clutch 
eS and reduction gear with constant speed. The rotor of the selsyn is fed with 


‘A.C. 24 c.p.s. taken from the reference voltage generator through matching 
transformer Tr-1. 


The input signal which is actually carrier frequency modulated by 
low-frequency sinusoidal oscillations at frequencyQ is fed from selsyn M-1 
to the phase shifting circuit. The carrier frequency phase is so selected 
that the signal injected into the commutator input is in phase with the 
reference voltase of the channel being examined. 


& From the output of the pnase-shifting circuit the input signal is 
conducted through the divider to the input of the summing amplifier. The 
other input of the amplifier is fed with a voltage taken off the output of 
the selsyn (M32-2 or M3252) located in the antenna pedestal. These selsyns 
are fed from transformer Tr-l. 





The output voltage of the selsyn (M32-2 or M32-52) i.e. the output 
signal travels through the phase-shifting circuit and amplitude control 
circuit. 


The summing amplifier output voltage which is essentially the sun 
of input and output signals, is injected into the input of the antenna 
positioning system. The signal at the system input equals zero when the 
input and output signals are equal and opposite in phase. With input selsyn 
M-1 rotating at angular rate Q the antenna oscillates sinusoidally with the 
@& same frequency 2. 


The rotation frequency of selsyn M-1, i.e. the antenna oscillation 
frequency, can be continuously controlled by the friction clutch, The 
frequency-variable reducer can be used to select the frequency variation 
band within O and 1 c.p.s. or O and 10 c.pS. 


To change the amplitude of the antenna oscillation use is made of the 


eer 2 CEPBET Pi 268 
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input signal whose amplitude is proportional to the antenna oscillation angle. 
Tha output signal is measured by the cathode-ray oscillograph and the indicating 
amplifier. 


@ For measuring amplitude-frequency characteristics of the system in an 

open state use is made of the same circuit of the meter connection as that for 

measuring characteristics in a closed state except that the summing amplifier 
output signal feeding circuit is broken by switch B-3. Thus, the antenna 
positioning system is open and its input is fed only with an input signal 


modulated sinusoidally. When measuring the amplLitude-~frequency characteristics 
with the system open the antenna angle is measured by the scales of coarse 
indicators. 


Key Circuit Diagram of Amplitude- 


Frequency Characterist ic Meter 


The key circuit diagram of the meter is shown in Fig. 285. The meter 
URAL-2 is fed with voltage *rom the reference voltage generator through 
contacts A, B and C of connector Zee This voltage is then applied through 
© the contacts of switch +1 AZIMUTH-SLEVATION to step-down transformer Tr-l, 


which is designed to ecccce 


[ one complete page missing/ 


sees one winding is fed directly from 110 V mains, while the other - through 
capacitor C-6 ensuring the phase shift needed for the motor rotation. Motor 
M-2 is energized by means of switch W5 MOTOR ON. 


@ The roller position on the friction clutch mushroom may be changed with 
the help of knob CONTINUOUS FRUQUENCY CONTROL, which is accompanied by 
variation of the speed of the friction clutch output shaft and that of the 
tachogenerator. The letter is used to measure the assigned frequency. 
Instrument P -1 connected to the tachogenerator output reads the assigned 
frequency in*cycles per second and radians per second. The output shaft 
of the friction clutch is coupled with the shaft of selsyn M-1 through a 
reducer with the ratio which can be 10 times increased or decreased which 
corresponds to the assigned frequency bands from 0 to 1 c.pes- and from O to 

@ 10 CoDeSe This switching is done by a frequency band switch. 


Knob SELSYN ZERO SETTING is designed to turn the stator of selsyn M-1 
by hand which is necessary when setting scales. 





Voltages needed for operation of the amplitude-frequency characteristic 
meter URAL-2 are fed from connector Zwe-1 of the main control board through 
connector Zw-l (with the range unit removed). 


Pilot lamp Z-1 is used to indicate that supply voltages are applied. 


4. _ Operating Instructions 


Connection of Meter 


To connect the meter proceed as follows: 


- Link connector Zw-l of the meter with connector Zw-1 of the 
main control board and remove the range unit (Fig. 286); 


- Link connectors Zw-2, Zw-3 and Zw-4 with the adapter by three 
cables attached to 16-point connector} 








ae 2 CLARET 
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~ Link the adapter with connector Zw32-1 of the antenna pedestal; 
the adapter (Fig. 287) makes it possible to carry on operation with 
the station when measuring amplitude-frequency characteristics. 
For this purpose there is a switch for two positions: STATION and 
SS AMPLITUDE-FREQUENCY CHARACTERISTIC. In. position STATION all the 
selsyns are de-energised. . 


— Link terminals K, and K., of the meter with jack G6-9 DETECTOR of 
the automatic tracking tnits (valve V6-2 must be removed). 


Remark: Stations of the first series are not provided with jack G6-9 
and with special connector Zw32-1 in the antenna pedestal. When 
using the meter URAL-2, the following connections should be made} 
connect: 

_ terminals K, and K, of the meter - with lug 3 of the valve V6-2 
socket, (refiove the valve). . . . 
~ connector Zw-1 of the meter - with the connector Zw8-1 of the main 
control board; remove the range unit (timer). 
~ connector Zw-2 ‘A, B, C,) - with the terminals P232-5-1,2,3, of 
the antenvie pedestal. : 
@ - connector Zw-4 of the meter - with the fuse holders B13-7 and 
B13-8 on the control panel (Fig.288). 
- connector Zw-3 - with the terminal Pi-1 of the adapter (Fig. 17 - 
- gee Album). 
~ connector Pi-l of the. adapter with the terminal Pz3e-1-15 
~ connector Pz2-10 of the adapter with the terminal P432-1-6; 
~ connector P22-11 of the adapter / T.R. Switch ?_/ with the 
terminal P232-4~4. 
Disconnect the leads connecting antenna pedestal with the 
e terminals: P232-1-2, P£32-1-3, P#3e-1-4, Pz32-1-5, P232-3-10, 
P232-4-5 and insert in a correct way the adapter Pk2-2 and 3, Pi2-4 
and 5, P22-6 and 7, PE2-8 and 9, P£2-14 and 15, Pk2-12 and 13. 


Measuring amplitude-frequency 





characteristics with systen in 


onen state 


a 


@ 1. Switch on the power pack cf the range measuring and plan position 
indicator systems, the automatic tracking unit, the reference voltage 
generator, selsyns, switch INTERLOCKING located on the antenna control 
unit. 

Warm up the system for 15 - 20 min. and check the balancing of the 
azimuth and elevation tracking unit. If the unit is not unbalanced 
the voltage across jacks DXCITATION should be equal to zero. 


ae Set the adapter switch AMPLITUDE-FREQUINCY CHARACTERISTIC -— STATION 
to position STATION. 
3. Set the input and output signal switch of the meter URAL-2 to position 
OFF. 
"A Use potentiometer R-22 (BIAS 6K3) of the meter to adjust the current 
@& in valve 6K3 of the automatic tracking unit to 6.5 mA. 
Be Set switch MODES OF OPERATION of the station at AUTOMATIC. 
6. Set control knob AMPLIFICATION of the automatic tracking unit to 
position "5". 
Te Set input signal switch of the meter URAL-2 to position ON. 
CCP BET 18 
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~"“QCURLt 
os Set switch BAND of the meter to position SELSYN ZsRO SETTING. 
9. ‘Set switch AZIMUTH-ELEVATION to the AZIMUTH position. 


& 10. Connect voltmeter AVO-5 to jacks EXCITATION of the azimuth channel of 
the azimuth and elevation tracking unit. Operate knob SELSYN ZERO 
SETTING of the amplitude-frequency characteristic meter to set the 
maximum input signal. 


























ll. Connect the oscillograph to jacks COMMUTATOR OUTPUT of the azimuth 
channel. Operate potentiometer PHASH to ertablish the phase of the 
input signal so that the oscillogram on the screen corresponds to a 
zero phase shift between the error signal and reference voltage (Fig. 290) 


12. Operate potentiometer RANGE SCALE to set the amplitude of the input 
signal measuring voltage across jacks EXCITATION of the azimuth channel. 
The amplitude of the input signal equals the product of the slope of 
the bearing characteristic and the value of the set signal in mils; 
the value of the set signal is taken to be 0-03. If the slope of the 


bearing characteristic K, = 4 V/mil, Us put = K, x3=+4x32+12V. 


@ If, with the potentiometer marked RANGE SCALE turned fully clockwise, 
the desired voltage value cannot be.obtained across jacks EXCITATION , 
it is necessary to isolate the supplies of the selsyns of the azimuth 
and elevation channel, i.e. to disconnect the lead running to terminal 
P£32-7-24 (of the current collector) and link terminal P232-7-24 and 
connector Zw32-1-12 with a separate wire. 


13. Set switch AZIMUTH-SLEVATION of the meter to position ELEVATION. 


© 14, Connect oscillograph to jacks COMMUTATOR OUTPUT of the elevation 
channel. Use potentiometer PHASE to set the phase of the input signal 
as outlined in Point 11. 


15. Measure the voltuge cross jacks EXCITATION of the elevation channel 
with the help of instrument AVO-5. The value of the bearing characteristic 
slope (the obtained value divided by 0-03) must be taken as the datum 
for the subsequent operations on the elevation channel. 


16. Set switch BAND to position "0 to 1 c.p.so". 


a 17. Set switch MOTOR located on tue front of the meter to. the ON position. 


, 


Loy Establish the desired value of the set frequency as measured by the 
frequency indicator using knob CONTINUOUS FREQUENCY VARIATION. 


19. Energise the elevation channel umplidyne and set knob FEEDBACK to zero. 


20. Read the antenna oscillation amplitude off the scale of the coarse 
elevation receiving selsyn. , 
Set knob AMPLIFICATION of the automatic tracking unit so that the 
antenna oscillation peak-to-peak separation in azimuth may range from 
7-50 to 12-50 at the set frequency of 0.4 rd/sec. Record the attained 
quality factor K and note the position of knob AMPLIFICATION 
corresponding to its 


@ K, = 0.0667 ere 


where 9 ~ the antenna oscillation peak-to-peak separation, in mils. 


output 
él. Set switch MOTOR at position OFF. 


22 Set switch AZIMUTH-SLEVATION of the meter to position AZIMUTH. 
Declassified in Part - Sanitized Copy Approved for Release 201 3/09/19 : CIA-RDP80T00246A031400010001-1 





td v 
- Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


~ SEUREL : 
2356 Check the phasing and establish the input signal of the azimuth channel 
as instructed under Points 11 and 12. 


24. Do operaticns outlined in Points 17, 18. 
@ 258 Energise the azimuth channel amplidyne and set knob FEEDBACK of the 
azimuth channel to zero. 


26. Read the antenna oscillation amplitude off the scale of the coarse 
azimuth receiving selsyn. Measurements are taken with knob 
| AMPLIFICATION in the position described in Point 20. The antenna, 
oscillation peax-to-peak separation in azimuth should be within 15-00 
and 22-50. Calculate the quality factor of the azimuth channel as 
outlined in Point 20. 


Note: If the peak-to-peak separation in azimuth is not kept within 
the assigned range it is necessary to select the values of 
resistors R10-40, R10-41, R10-44 and R10-45 in the azimuth 
and elevation tracking unit. To widen the separation the 
resistances should be increased and vice versa. 


@ After varying the resistances measure the bearing characteristic once 
again, connect the amplitude~frequency characteristic meter, measure and 
set the quality factor for the azimuth and elevation channels, and then 
choose the desired position of knob AMPLIFICATION in the automatic tracking 
unit. 


Measuring amplitude+frequency: 


e characteristic with system in 


closed state 
1. Do operations described. in Points 1 to 6 of the foregoing subsection. 
Notes 411 measurements should be taken across the azimuth channel 


jacks. Set the channel switch of the meter URAL-2 to 
position AZIMUTH. = 


eo Ze Set the input signal switch of the meter to the OFF position. 
3. . Set switch STATION - AMPLITUDE-FREQUENCY CHARACTERISTIC to position 


AMPLITUDE-FREQUENCY CHARACTERISTIC and switch RADAR - WARNING STATION 
to position WARNING STATION. 


4. Set the output signal switch of the meter to the ON position and 
connect the measuring oscillograph to jack COMMUTATOR OUTPUT of the 
azimuth and elevation tracking unit. 





5o Operate potentiometer PHASE of the meter to match the phase of the 
output signal as instructed under Point 11 of the foregoing subsection. 


66 Set switch MODE OF OPERATION of the station to position MANUAL. 
Switch on the azimuth channel amplidyne and set switch MODE OF OPERATION 


at AUTOMATIC. In this case the antenna must follow up the selsyn 
®@ zero positicn. 


fis Switch off the amplidyne. After it has come to a standstill set 
switch STATION - AMPLITUDE-FREQUENCY CHARACTERISTIC of the adapter 
+o position STATION and switch RADAR-WARNING STATION to position RADAR. 


B: Read the indication on the fine azimuth selsyn scale. 


_ SFRRET 
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Qo Set switch MODE OF OPERATION to position MANUAL. Switch on the 
amplidyne and move the antenna by means of the manual control handwheel 
away from the position recorded according to Point 8, by 0-05. 


10. Switch off the amplidyne and after it has come to a standstill set 
@ switch MODE OF OPERATION of the station to position AUTOMATIC. Set 
switch RADAR - WARNING STATION to position WARNING STATION and switch 
STATION — AMPLITUDE-FREQUENCY CHARACTERISTIC to position AMPLITUDE~ 
FREQUENCY CHARACTERISTIC. 


il. Match the phase of the output signal as instructed under Point 11 of 
the foregoing subsection. 





12. Operate potentiometer RANGE SCALE (of the output signal) set the output 
signal equal to the product of the bearing characteristic slope by 
0-05 with knob AMPLIFICATION in position "5". 
























13. Switch the output signal off and the input signal on. 


14. Turn knob SELSYN SETTING to set the phase of the input signal 
differing in phase from that of the output signal by 180° so that the 
@ voltage value is at maximum. 


15. Match the phase of the input signal. as instructea under Point 11 of 
the foregoing subsection. 





16. Operate potentiometer RANGE SCALE (of the input signal) to set the 
input signal equal to the slope of the bearing characteristic 
multiplied by 0-05. : 


@ 17. Switch on the output sighals the voltage across jacks EXCITATION must 
drop to zero; if it exceeds 1 V check the balancing of tne azimuth 
and elevation tracking unit, phase and range setting of the input and 
output signals. : 


18. Connect the oscillograph to terminals OSCILLOGRAPH of the meter 
URAL-~2. Set knob DIVIDER I and DIVIDER II to positiori "0" on the 
scales Adjust the oscillograph gain to obtain the signal amplitude 
suitable fcr measurements (30-40 mm) on the tube screen. 


@ . 19. Set knob AMPLIFICATION of the automatic tracking unit to the position 
chosen in Points 20, 26 of the foregoing sub-section. 


20. Switch on the amplidyne. 
el. Set the BAND switch to the required position. 
22.6 Switch on the motor of the meter URAL-2. 


23. Set the required frequency by means of knob CONTINUOUS VOLTAGE 
VARIATION. 


24. Switch on DIVIDER I if the amplitude of the signal on the measuring 
oscillograph has increased, or DIVIDER II, if the amplitude has decreased. 
By turning the knob of the appropriate divider make so that the signal 
& amplitude on the measuring oscillograph acquires the value indicated 
in Point 18. 


256 Read the value of the system gain off the divider scale with due 
allowance for corrections (refer to divider calibration correction 
charts supplied with the meter). 


26. Perform operations mentioned in Points 23, 24, 25 and measure the gain 


eeeReT 
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at frequencies: 1.0, 1.5, -200, 2055 3-0, 3255 4205 5005 Feds 6.0, Ts 
8, 9 ra/sec. 


Notes:1. When measuring the amplitude-frequency characteristic of 
@ the elevation channel take all measurements across the jacks 
of this channel. Set the channel switch of the meter URAL-2 
to position ELEVATION. The antenna position in elevation 
must be within 6-00 and 7-00; the value of the bearing 
characteristic slope is taken in accordance with Point 15 of 
the foregoing subsection of the present Appendix. 


2, When measuring the characteristic give special attention to 
the accurate setting of the range scales of the input and 
‘output signals, to accurate measurement of the bearing 
characteristic and to determination of new values of the 
slope when varying shunting resistance R10-40, R10-41, R10-44 
and R10-45 in the azimuth and elevation tracking unit. 


27. Set knob FEEDBACK iu such ae way that the peak o* the amplitude-frequency 
characteristic is not greater than 6 db, the pass band is within 5 and - 
@ 8 rd/sec. for the azimuth channel and within 3 and 6 rd/sec. for the . 
elevation channel (in respect of the decibel zero level, Fig. 282). 
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R23—1 
R23-2 


R23-). 
R23-5 
R23—6 
R23-7 
R2348 
R239 

@=:-' 0 
R23—1 4 
R23=12 
R23—4 3 
R23—11, 
R23-45 


R23-16 


gated 
23-18 
R23-19 
R23-20 


R235—21 


R23-22 
R23—23 
R23—24 
R25-25 
R23~26 


R23—27 


R23~28 


R235—29 
R23-30 
R23—31 


R23-32 
R23-33 
R23—24. 

Be 25-35 

2 3.~36 
R23=37 
R23-38 
R23=39 
R23—-1.0 
R23—4.4 





Appendix 4 


SPECIFICATION TO KEY DIAGRAMS OF UNITS OF THE SON-9 STATION 


| 


sae pee roamed aeemmartnines re 





Ooi: | Name and type 


designation | . 


Transmitting System 
Driver 


Resistor WS-0, 25-1-390-ITL 
Resistor WS—1=1-7500~1 


Resistor WS-0, 25-1-0,15-IT 

Resistor WS-2-1-10000-II 

Resistor WS-1-1-1.700~-II 

Resistor WS=-2-4~7500~—IT 

Resistor WS-2—4-0,1-I1 

Resistor WS-0, 5-1-.7900-IT 
Resistor PRW--50-7, 5<kilohm-IT 

Resistor WS-2~1~).700-IT 

Resistor WS-2-1~-33000-IT 

Resistcr WS=1-1~51-7TLI 

Resistor WS-1-1-51-I1 

Resistor, wire-wound ,znon~inductive , 
5 Wz 10 ohms = 1% 

Resistor, wire-wound ,non~inductive , 
5 Ws 10 ohms = 10% 

Rosier WS—2—1 -56-I1 

Resistor WS-1-1-51-I1T 

Resistor WS-1-1-5i1-I1 

Resistox, ee psnon—inductive, 
5 Wz: 10 ohms £ 10% 

Resistor, wire-wound pnon~inductive , 
5 Ws; 10 obms 2 10% 

Realetor WS-4-1-51-I1 

Resister WS-1-1-51-I1 

Resistor WS-4--4+-51-IT 

Resistor WS-1-1-51-I7 

Resistor, wire~wound ,xnon~inductive , 
5 W; 10 ohms + 1% 

Resistor, wire-wound ,non-inductive, 
5 Ws 40 chums z 1% 

Resistor PEW-50-5.1 kilcohm II 
Resistor PEW-30~3,6 kilohm IT 
Resistor W5-2-1-1000~IT 

Resistor WS--2~4—]000-IL 


PEW—50~7.5 kilohm II 
W~2—4 ~5600-IL 
WS~2~4 1 0000-IT 
BW-20-3 kilohm-II 

We-D-1-0,62-11 
WS~2—j —4-IL 
WS.-2—4+0, 59-11 
WS-2~1-3900~II 
WS-2-1~2200—IL 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resictor 
Resistor 
Resistor 
Resistor 


Resistor WS-2-1-10000-IT 


SEGRE 


ocd. 






725 kilohms 


aA TPES ARCO AED 


Main data, 


ate Notes 


40 kilohms in the 
stations of the 
)\ first series 


390 ohms 


0.15 megohm 
10 kilohms 
4o? kilohms 
7s 5 kilohms 
0.1 .megohm 
4.7 kilohms 
7o5 kilohms 
4o 7 kilohms 
33 kilohms 
51 ohms © 
51 ohms 

10 ohms 

40 ohms 
56 
51 
51 
10 


ohms 
ohms | 
ohms 
ohms 


ohms 


ohms 
ohms 
ohms 
4 ohms 
ohms 


10 onms 


bel kilohms 
3,6 kilohms 
1 kilchn 

4 kilohm There is no 
R23—31 in the 
stations of the 
first series. 
7-5 kilchms 

5.6 kilohms 

10 kiiohms 

4 kilohm 

0.62 me gohm 

4 megohm 

0.39 megohms | 

3,9 kilohms | 

10 kilohms 


Jitesesess 
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D 


C235 —4 
C23—2 
025-3 
C25~2. 

eo: 
23—6 
C23=7 
C258 
C239 
C235~10 
C25—14 
C2512 
C23—13 
C25~1 4. 
C23=15 


C23—46 — 


C23~17 
C23-18 
C23~19 


C23-20 © 


C25~21 
C2322 
C235~—23 
C23--2). 
C2325 
L25—4 
L23~2 
L23=3 
V25—4 
52 3—2 
23-3 
V23~-t, 
V25~:5 
V23~—6 
V23—7 
V23-8 
Tr235—4 


Tr25—2 | 


Tr23~3 


@e Tr23-. 


Da23—4 
DE23-2 
P23-4 


B23~1 
B23-2 
Zw23~4 
Zu12 32 


@123-< 


~ BWOB=T. 


R25—1 
R25=2 
R253 


ROR). 


Capacitor KIK-1-M-20~IT 
Capacitor KTK-1-2=10-IT 
Capacitcr KS0—5-500-B--3000~1 
Canacitor Ki0—5-500-B~3000-T 
Capacitor KSO-7-1000-B-3000~I 
Capacitor KBG-M2=!;00+0, 25—IT 
Capacitor KBG~-MN-2Am600~2. O-LT 
Capacitor KBG=P2l00, 5eofT 
Capacitor KS0—=4250C0~A=1 OGL 
Capacitor KTK+2Med.7=I 
Capacitor KTK-2=Mel.J=L 
Capacitor KIK~2-Med ZI 
Capacitor KIK-2-M-l. jal 
Capacitor so KBG=MN=2A-d.00~2, Q=-IL 
Capacitor KBG=-MN~2Ad.00—4 5 O~IT 
Capacitor KBG~-MN~2A—60C~2. O-IT 
Capacitor KBGC~-MN-2A-600~2, O-IT 
Capacit or KBG-MN+-2A~1000~4 , O~IT 
Capacitor KTK-2—Me.7-IL 
Capacitoz KRG~MN-~ZA.00—1.O-IT 
Capacitor KBG-MN-2A-4 500~4,O-IT 
Canacitor KTK-2-M=).7-I 
Capacitor KTK=2—Mx/.7eI 
Capacitor KTK~2-M-4. 7-1 
Capacitor KTK-~2-M=.j—I 

Choke 

Choke 

Choke 

Boubie triode 6NE&S 

Beam tetxéde 6235S 

Double beam tetrode G59 


_ Double ets tetrode GI~30 


Deuble beam tetrode GI-30 
Kenotron 50:5 

Kenotzron 52S 

Kenotron 5045 

Trpensfermer 

Transformer 

Transformer 


Transformer 


Transformer 


Chcke 1.5 H + 596 - 1% 
Choke 1.5 H + 504 = 10% . 
Relay, dovble-pole, unidirectional 


Fuse 
Fuse 
Connestor 
Comnec:: or 
Connector 


_ Connector 


Modulatoroscilletor 


Resistor WS-2-1-0,62—I1 ~ 
Resistor WS-2-1-0,62-IT 
Resistor WS-2~1-0,62~I1 


Reaiator WSi91 aM. KonTT® FE f RET 


20 pF 

10 pF 

3000 pF 
3000 pF 
5000 pF { 
0, 25 > pe 
2 
Co5 Ue 
100 ‘of 
4.7 pe 
47 pF 
47 pF 


~N 
By 


‘ 
| 


om SS Pr es pp po — fo + 
sd 
ra 


790 V/320 V 

3200 V/2700 V 

440 V/2x190 V. 

a VV: L27 c/s 
0 V/2xi,50 Vv 

Sie V3 

127 o/s 

410 V/5 V3 SV; 

603 V3 200 V; 

4.27 o/s 





ae in the 


contact 


3 

5 

16 contact 
4 

41 contact 
4 


0.62 megohms 
0,62 megohms 
0.62 megohms 
0.62 megohms 
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D 


R25-5; 
R256 
R257 
25-8 
e= 
25=10 
R25—14 
R25~12 
R25-13 
R251 
R25—15 
R25=16 
R25=17 
R25-18 
R25=19 
R25-20 
R25-24 
R25—22 
R25--23 
R25—2), 
O22 
R25~26 
R25=27 
R25~-28 
R25-29 
R25-30 
R25—34 
R25~32 
R25—33 
5 Fea 
25-3) 
R25-35 
R25—36 
R25~37 
R25~38 
R25=39 
R25~1,0 






R25~1;4 
R25-4.2 
R25-4.3 
R25~kh. 
R25-4.5 


R25-1.6 
R25-h.7 
R25-4.8 
R25-4.9 
R25~50 
R25-51 

25-52 

k25~-53 
R25-57 
R25-58 
R25-59 
R25~60 
R25~61 
R25-62 
R25-63 
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j Resistor 


peecncecprernatveneemnep nema capt ent CRP ORC tO ACA CET EA COCT CO CACC CLC CR CCN AOC oe ee 


Resister 


WS~2—|-O, 62-IT 
WS-2-1-0,62-I1 


Resistor WS<2~-4~0,62—IT. 
Resistor WS=-2<1-0, 62-11 
Resistor WS-2-1-0,62=II 


Resistor 
Resistor 
Resistor 


WS~2--4 ~O. 62-11 
WS-2~4-0, 62IT 
WS-2—4-0,62-IT 


Resistor W=2~1-0,62=-I1 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


Resistoz 


Resistor 
Resister 
Resistor 
Resisvor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


WS-2—1 0. 62—IT 
WS--2—4 ~0, 62-11 
WS~2—1--O. 62-11 
WS=2—4 0, 62-IT 
WS~-2—4-O, 62-IT 
WS--2—1-0, 62~II 
WS~24 -O 62=IT 
WS+2-1~0, 62=IT 
WS--24 Oo 62-11 
WS-2—1 -0,62-IT 
W524 0. 62~1T 
WS-2—1—0, 62611 
SP-IT—1 a-).70B 
SP..TI—4 a-l,.70B 
SP=LI-4 a-d,.70B 
SP~I1~1a~!,70B 
SP-I 1-4 a~l,.70B 
PEW~25-390-I1 
PEW-25-390-I1 
WS=1-1-51-I1 
WS=4=1=1, 70-1 
WSe4 =-4 ly. 70“IL 


Resistor, tubular, VI-5000 + 1% 
Resistor, tubular, VI-5000 + 1% 
Resistor, tubular, VI~25000 - + 5% 
Resistor, tubular, VI-.0000 + 5% 


Resistor WS-2-1-3-I1 
Resistor,. wire-wound , 
6W, 10 chms + 4%. 
Resistor, wire-wound , 
8 W, 10 ohms + 1% 


non-inductive , 


nen~inductive , 


Resistor, wire-wound, noil-inductive , 
8 W, 10 ohms + 1% 

Resistor, wire-wound, non-inductive, 
5 W, 10 chms + 1% 

Resistor, wire-wound, non-—inductive, 


5 W, 10 ohms + 10% 
Resistor, wire-wound , 
5 W, 10 chms + 10% 
Recvater WS~204 =] IT 


nen~inductive,, 


Resistor, tubular, VI-200 +1% 


Resistor WS-2—1-1-I1 
Resistor WS-2—1—4}—IT 


Resistor 


Resistor 


Resistor 
Resistor 
Resistor 


WS-2—4 4 =I 
WS-21 -] IT 
WS-2-4-1~I1 
WS-2—1-1-I1 
WS 2—4 Oy 1=IL 


Resistor WS~2-1=1~IT 

Resistor PHW-50-20-IL 

Resistor, special, 7-11 kilohms 
Resistor WS~2-1+0,62~I1 
Resistor WS+2-1-1., 7-11 


stor WS~2—] Qe I 
Resistor WS~-2—1—-2~II CCCRFT 





10 chms 
10 ohms 
19 chms 
40 ohms 
| 40 ohms 
40 ohms 
4 megohm 


+ 0,62 megohms 


0.62 megohms 
0.62 megohms 
0.62 megohms - 
0.62 megohms 
0,62 megohms 
0,62 megohms 


; 0,62 megohms 
: 0,62 megohms 


0.62 megohms 


'; 0,62 megohms 


0.62 megohrs 
0.62 megohms 
0.62 megohms 
0,62 megohms 
0,62 megohms 


i 0,52 megohms 


7 


0,62 megohms 
»62 megohms 

0,62 megohms 

G.62 megohms 

4.70 kilohms . 

1.70 kilohms 

1.70 kilohms 

4.70 kilohms 

4.70 kilohms 

390 ohms 

390 ohms 

51 ohms 

4.70 ohms 

4.70 ohms 

5 kilohms ! 

5 kilohms — 

25 kilohms 

4.0 kilohms | 

% megohms 


200 ohms 

megohm 

me gohm 

me gohm 

me gcohm 

me gohin 

me gohm 

O61 megohm 

4 megohm 

20 kilohms 

7-11 kilohms) |Not in the 
0.62 megohms) jstations of 
4,7 megohms )!the first 
2 megohms ) iseries, 


wh ok ek ok oh wd 


SOI RORSoTOnNGNOn4 400010001-1__ 


| 











ec oDpttT 
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C25—7 
025~2 






25m: 
e. 
25-6 


C25=7 
C25~8 
C25=—9 


C2510 


C25~44 
025-42 
C25=13 
C25~17 
025-18 
C2549 
L25—4 
L25-2 

ov 54 
V25—2 
V25~3 
V2 bul, 
V25~5 
V25~6 
V25~7 
V25~8 
V25-9 

- @ye5-i0 

25-11 
V25=12 
N25-13 
N25. 
N25—45 
N25—16 
2625-18 
ZG25—49 
Z25—20 
225-24 
Z25—22 
V25~23 


Tr25—1 
Tr25-2 
Tr25—3 
Tr25—) 


Tr25-5 


er 


Tr25=7 
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| 
C25~3 | 


oe 


Capacitor KSQ=4 2-5000—A-=1 5—IT 
Capacitor KSO~7 2—5000-A=#939=IT 
Capacitor KRC-I-600-0, Oi-IT 
Capacitor Rle#27,0-0.125 (+ 20% - 10%) 
Capacitor KBG-MN-2A—1 500-2, G-III 
Capacitor KS0-7-2500-A-100-IT 
Capacitor KBG~P-2=4 . OIL 

Capacitor RLNR32,5+0.25 (+20% -10%) 


eee epee Sree 


Capacitor RL-$2.5-0s25 (+2% -10%) 


Capacitor KBG-MP-2W-1000-01-IT 
Capacitor KBG-MP-2il-1000=0,1-IT 
Capacitor KBG-MP-2W=4 000-0. 1~IT 
Capacitor KBG~I-600-0, 01-IT 
Capacitor KBG-I-600-0,01-—IT 
Capacitor KBG-MN-2A-200-2, O-IT 
Choke 

Choke 

Pulse triode GMI-30 — 


Pulse triode GMI-30 


Pulse triode GMT -30 
Kenotron Wi--0, 1/40 
Kenotron W4-0,1/.0 
Kenotron Wi~O. 1/10 
‘Magnetron MI-18~21 
Kenotron VU441-D 
Kenotron VU-1441=D 
Kenotron VU-111-D 
Kenotron Wi-0.1/4.0 
Kenotron Wi~O 1/40 
Neon amo MN-~3 
Necn lamp Mile} 

Neon Lemp MN-3 

Neon lamp MN-~3 

Gas discharger 4.378<D 
Gas discharger 4.378-D 
Dial lamp, type 15 
Dial lamp, type 15 
Dial lamp, type 15 
Deuble tricde 6N& 


Transformer 
Transformer 
Transformer 
Transformer 


Transformer 


Trensformer 


Potential regulator ' 


SEGREL 


15 pF 
59 ye 
40000 pF 
0,125 8 
2F 
400 pF 
4 WE 
0,25 uF With two 
insulated leads. 
0,25 pF | With one 
insulated lead, 
Oo1 LF 
~—Oe1 PE 
Ooi WE 
40000 pF 
40000 pF .{Not in the 
2 UF stations 
2,5 MA of the first 
5 MH series, 
Not in the 


stations of the 
first series, 
220 V/8.2 V3 
50 o/s - 
220 V/5.3 V3 
50 o/s 
410 V/6.3 V3 
427 o/ s 
410 V/2x3200V 
427 o/s 
110 V/k V3 
27 o/s 
410 V/12 V; 
0 V3 427 
c/s 
0-100 V; 
27 o/s 


An auto-— 

transformer in 

the stations of 
\the first series. 


Josesesiviae 





J 





ver. 
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cae rg este 


Tr25~9 


eee 
W25—4 
W25—2 
W25~3 
W25—, 
W25-5 
W25-6 
W25=7 
W25-8 
W25-9 
W25+10 - 
Pp25=1 
Pp25—2 
Pp25~3 
P2514 
O55 
255 
P25—h 
P25-5 
P25—6 


5—7 

25-8 
P25-9 
M25—4 
M25-2 - 
PB25—4 
PB25-2 
PB25=3 
B25={1 
B25-2 
B25-3 
B25—4. 
B25—5 
B25-6 


B25=-7 
B25-8 
B25-9 
B25-10 


PI25—4 

“ 25-2 
225-5 
Zw25—4 
Zw25-2 
Zw25—3 
Zw25—l, 
Zw25-5 
Zw25-6 
Zw25—7 








Transformer 
Transformer 
Transformer 


Switch 

Start button 
Start button 

Swit ch 

Interlock 
Interlock 
Interlock 
Interlock 
interlock 
Interlock 
Kilovoltmeter 
Milliammeter M-52 
Milliammeter M-52 


Minimum relay 
Maximum relay 
Maximum relay 


Discharging relay 
Minimum relay 
Minimum relay 


Spark discharger 
Spark discharger 
Spark discharger 
Fuse 
Fuse 
Fuse - 
Fuse 
Fuse 
Fuse 


Fuse 


Fuse 
Fuse 
Fuse 


Terminal block 
Terminal bicck 
Terminal block 
Connector 
Connector 
Connector 
Connector 
Connector 
Connector 
Connector 


| Magnetic starter MPKO~114 
Magnetic starter MPKO-111 


Time relay, delay within 0-300 sec, 


Motor AOL-21~2,220 V, three-phase 
Fan motor in the transmitter cabinet 


SEGRED 


| 440 V/5 V3. 


5 V3 427 o/s 
110 V/1120 V; 
427 o/s 

110 V/,. V; 
427 ofs 

25 A 


5 positions 


20 mA 
4.0 mA 
80 mA 
220 V; 50 c/s 


220 V3; 50 o/s 
20 mA 

20 mA 

2800 reDeM. 


-~23NN 
DOOUN 
> > bP 


wi 
b> 


5A 
15 A 
15.4 
3A 


4.—-terminal 
4.-terminal 
10=-terminal 
16—contact 
1-contact 
4-contact 
4-contact 
4-contact 
4-contact 
4.-contact 


In the stations 
of the latest 
series, it is 
replaced by an 
electronic relay, 


Not in the 
stations of the 
first series. 


Not in the 
stations of the 
latest series, 
This code number 
designates a 
fuse of 3 A, 


Not in the 
stations of the 
first series. 
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BW. 9 
Zw25-10 
U25—1 


R22~4 
R22-2 
R22-3 
R22—)). 
R22—5 
R226 
R22—7 
R22—8 
R229 
R22—10 
R22—4 4 
R22—12 
Oo: 3 
R22—4h, 
R22—15 
R22—16 
R22-17 
R22=18 
R22—419 
R22~20 
R22—21 
Damn 2D 
92-23 
R22—2h, 
R22"25 
R22~26 
R22=-27 
R22~28 
R22=29 
R22=30 
R22=31 
R22-32 
R22433 
R22—3. 
R22—55 
R22~36 
R22—37 
R22-38 
R22—39 
R22-1.0 
R22—11 
R22—.2 
R22—1.3 
R22—)2, 
R22-1.5 
R22-4.6 
22-17 
22—1,8 
R22—4.9 
R22—50 
R22=—51 
R22-52 
R22—53 
R22=5h. 














oa RA2M55. 
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meer 


cer 


“Connector 


Connector 
Permanent magnet 


Receiving system 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
hesistor 
Resistor 
Resistor 
Resistcor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


Resistor 


hesistor 
Resistor 


Resistor W 
Resistor WS 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


Resistor. 


I-F Preamplifier unit 


WSO, 25-1-330=11 
WS-O, 25-1~100-II 
WS~O, 25~1~100—IT 
WS-O, 25=1-100-IL 
WSO, 25-1 -330-I1 
WSO» 25=-1~510~I1 
WS<O, 25=1—100~IL 
WS-0, 25-1-330-I1 
WSO, 25-1-510~I1 
WSO, 25-1-~100-II 
WS-0, 25=1 —330-IL 
WSO, 25-1~3900~TI 
WS~O, 25~1-10000-IT 
WSO, 25-1-0,1~II 
WSO, 25-1-0, 1-11 
WSO. 25~1-0. 51-1 
WS-0, 25~1=10000~IT 
WSO, 511 8000~II 
W-1-1-0, 39~IT 
WS-0, 5-1-1, 8~I1 
WSO. 5-1-1, 2-11 
WS~O, 25-1-3000-I 
WS-0, 5-1-1, 8-11 
WS-0, 5-1~1, 8+II 
WSO, 5=1-22000-!T 
WS.-0, 5-1-0, 22—I1 
WS-1—-1-0.1-I1 
WSO, 25=1—100-IT 
WSO, 25—1-100-IT 
WS-1-1-0,1-I1 
WSO, 25-1 —-200-I 
WSO. 25=-1~330—I1 
WO, 25-1 -200=2 
WoO, 25-1~330~II 
WSO, 25-1-680-I1 
WSx1 —1 ~820-IT 
WS=0, 25~1-100~I 
SO. 25=1-—1000-IL 
=O. 25=1~-330-11 
PRW~20-3 kilohms—IT 
WS-1-1-18000~—-II 

BW 20-540 ohms—IT 
WS-1-1-0, 18-II 
WSO, 25-1~100-I1 
WS-1-1-0,4.7-IT 
WSO, 25~1 +22000~II 
YSm m4 «1. 7O00—IL 
W~2—1 ~1 OOOO-IT 
WSO, 251-4. 7000~IT 
SP-Tl-2a-l7 A 
WS-O, 25-1-0,.1—I1 
PO0-20-15 kilohms~II 
PO0-20-15 kilohms-II 
WS-0O, 5<1-1-I1 


Heel Ose COREE 


| 
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40-contact © 


t 
3-contact | 
: i 


430 ohms 

400 ohms 

400 ohms 

400 ohms 
330 ohms 

510 ohms 

100 ohms 

350 ohms 

510 ohms 
100 ohms 

330 ohms 

3.9 kilohms 
40 kilohms 
0.1 megohm 
0,4 megohm 
0.51 megohm 
40 kilohms 
18 kilohms 
0.39 megohms 
4,8 megohms 
1,2 megohms 
3 kilohms 
1,8 megolas 
4.8 megohms . 
22 kilohms 
0,22 megohms 
0.1 megohms 
400 chms 

100 ohms 

O.1 megohm 
200 ohms 

350 ohms 
200 ohms 

330 ohms 

680 ohms 

820 ohms 
400 ohms 

4 kilohm 
330 ohms 

3 kilohms 
48 kilohms 
510 ohms 
0.18 megohms 
100 ohms 
0.47 ohms 

22 kilohms 
457 kilohms 
10 kilohms 
4.7 kilohms 
47 kilohms 
0.4 megohm 
15 kilohns 
15 kiichms | 
4 megohm 

. Ooi megohm | 


emcee ertertettteeye oe EER A ACCT AAE A EEO CCN, 
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R22~55 
R22-53 
R22=59 
R22-60 
-61 
2—62 
R22-63 
R22=6k. 
C22—4 
C22~2 
C22—3 
022-1, 
C22-5 
C22-6 
C227 
C22~8 
C22—9 
C22~10 
C22—14 
C22—42 
O22—43 
22—4 1, 
C22—15 
022-16 
C22-17 
C2248 
C2219 
C22~20 
C2224 
Qm22 
2-23 
C22—2). 
C22—25 
C22—26 
C22~27 
C2228 
C2229 
C2230 
C22—34 
22-32 
22=33 
C22—3h. 
C22~35 
C22—36 
C22~37 
C22~38 
C22~39 
C22—1.0 
C22—1.4 
C22—1.2 
C22—1,3 
C22—h). 
C22—1,5 
C22—1.6 
2-).7 
b2~1.8 
C22-49 
C22-50 
L22—4 
L222 
L22=3 
L22—). 
225 


Arn ctr aR OR ns ttn A NA 
arene serene ere nA rE ANE NL NCA NE ALE ESR CNTR Bet PCD OA NI 





i 


Resistor SP-1=2a-100 A 13 2 
Resistor WS-0,5-1-1—I1T 
Resistor SP-II-2a—1.70 A 
Resistor WS-~0O, 5--1-1,8-I1 
Resistor WS+0, 25-1-100-I1 
Resistor PEW-20-3 kilohms—IT 
Resistor SP-II-2a-1 A 
Resistor WS-1-1-51000~I 
Capacitor KS0-2--500—-B-1000—IT 
Capacitor KS0=92-500-B=1000-IT 
Capacitor KPK~1-2=7- 
Capacitor KS0-2-500~B-1000—IT 
Capacitor KS0-2~500~B-1000-IL 
Capacitor KS0-2-~500-B-j 00~IT 
Capacitor KS0-2-500~B~1000-IT 
Capacitor KSO~2-500—B-1000-II 
Capacitor KS0-2-500-B~4{00-IT 
Capacitor KS0~2~500-B—4 000-11 
Capacitor KS0-2- 500-B-1000~IT 
Capacitor KPK-4ayR{5  , 
Capacitor KTK-1~M-22-II 
Capacitor KPK=-i-2~7 
Capacitor KTK-2—M--/.7-II 
Capacitor KTIK-1-M-22 
Capacitor KBG~1~200~0, 05-IT 
Capacitor KS0-5-500-B-5400-IT 
Capacitor KBG-1-~200-0,1~-IT 
Capacitor KBG-MP~-2B~1 000-0, 5~IT 
Capacitor KS0-5~500-B~3000~IT 
Capacitor K50~2~500~B—1 O0O~IT 
Capacitor KS0—2-500~-B-4 O00-IT 
Capacitor KS0--2-.500~B={000~-IT 
Capacitor KS0-2~500-B--4 O00—IT 
Capacitor KS0--2-500-~B~1 000-11 
Capacitor KS0-2-500-B-1000~II 
Capacitor KS0~-2--500-B—4O00~IT 
Capacitor KS0-2-500-B-1000-IT 
Capacitor KSO-2~500~B-1000~IT 
Capacitor K&9-2—500-B-1O00-IL 
Capacitor KS0—2-:500~B-4 50—-IT 
Capacitor XSO-2--500-B-400-IL 
Capacitor KS0-2-—500-B-1000~-IT 


| Capacitor KS0-2-500=B=1 000+II 


: High-frequency choke 


Capacitor KBG~MN--2A~1.00~2x2,0—IT _ 


Cavnacitor KBG-MP-W-600-0, 5<cL 
Capacitor KBG-MN~2A-600-2, O-LII 
Capacitor KBG-MN~2A~600~2, O-IIT 
Capacitor KBG«MN-~2A—600~-2, O-IIT 
Capacitor KBG=MN-2A-4,00~2, 0-ITT 
Capacitor KBG-MP~2A~l,00-0, 25—IT 
Capacitor KS0-5—500~-Be5100<.ITL 
Capacitor KBG-I-600-0, O1-IT 
Capacitor KEG-ivP~W-600-0, 5~IT 
Capacitor KBG~MP~-W-600~4 » 0-IIT 
Capacitor KS0~-2-500~B-1000—IT 
Capaci.tox KS0~2-:500-B=1 0O00-IT 


i Capacitor KS0-2-500~-B-1000-IT 


Choke 
Choke 
Induction coil 
Induction coil 
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0.1 megohm 
1 megohm 
0.47 megohm 
1.8 megohms 
100 ohms 
3 kilchms 
1 kilchm 
51 kilohms 
4000 oF 
4000 pF 
2— 7 pr 
4000 pF 
4000 pF 
100 pF 
{000 pF 
4000 pF 
400 pF 
4000 pF 
4000 pF 
4 ~ 15 pF 
22 pF 
2- 7 pr 
7 pF 
22 pF 
0,05, F 
5100 pF 
0.1 pe 
0.05 LF 
5000 pF 
4000 po 
1000 oF 
4000 pF 
4000 pF 
1000 pF 
4000 pF 
100 pF 
4000 pF 
1060 pF 
1000 pF 
150 pF 
100 pF 
4090 pF 
4000 pF 
2x2.0 wT 


O05 pF 
2.0 LE 
2,0 LF 
2.0 MF 
2.0 UF 
0,25 WF 
5100 pF 
0,01 WF 
0.5 UF 
1,0 pF 
4000 pF 
1000 pF 
4000 pF 
5 wii 
5 wa 
1.4. PH 
1.4. YH 
50 WH 


] 
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L22«f 
L228 
L22-9 
-10 
2~1 4 
L224 2 
L22-13 
L22—14. 
DtZ2—4 
Tr22=1 
Tr22—2 
Tr22—3 


Tr2 2m). 


Tr22—5 


6... 2-4 


LW22—2 
Zw22—3 
Zw 2Q=b,. 
Zw22-5 
Zw2 2—6 
Lw22~7 
G22— 
Q~2 
2-4 
W22-2 
W22——3 
W22=2,. 
B22~—1 
B22—2 
Pp22—4 
V22~4 
V22~—2 
22~3 
22-1; 
V22—5 
V22—6 
V22~7 
V22-8 
V22-9 
V22-10 
V22—14 
V22—12 
V22Q—4 3 
V22—1 4. 
V22—15 
V22-16 
V22—17 
2—18 
22-19 
V22—20 
V22~21 
V22—22 


V22-25 


| High-frequency’ choke 


i Induction coil 


aes ee 


1.6 pH 
5 MH 

5 vl 
1.6 1H 
1. DH 
2.4. PH 
22 BH 
1,75 WH 
},, PH 
Low-frequency cnheke | 5H 


High-frequency transformer ; 
Discriminator tank circuit 
Transformer 440 ue a v/ 
| 5 Vy 6 
427 c 
Transformer 140 ae 2x500 V 
427 o/s 
i 
$ 


| 
High-frequency choke | 
High=frequency choke | 
High-frequency choke 
Induction coil | 
Induction coil - i 
Induction coil | 
Induction coil | 


Transformer 110 V/5 ve v/ 
be3 V/6. 5 v/ 
603 ee 3V 

Lot of s 

High~frequency cable connector 

High-frequency cable connector 

High-frequency connector 

High-frequency connector 

Knife-type comector 

High-frequeneoy connector 

High-frequency connector 

Telephone jack 

Telephone jack 

Double=pole switch 

Double«pole switch 

Double+pole switch 3P3N 

Double+pole switch 3P3N 

Fuse | 

Fuse | 

Millianmeter PMS-O-1 mA 

Valve €24. 

Valve 624. 

Valve 62). 

Valve GHEE 

Valve 624. 


1Q-contact 


~~ AN 
> 


' Valve 6HES 


Valve 624. 
Valve 6Z1P 
Valve 6Z41P 
Valve 624 
Valve 5048 
Valve SG4S 
Neon lamp MN~3 
Valve 5045 
Neon lamp MN~3 
Valve 6P3S 
Valve SG4S 
Valve 628 
Valve 5C45 
Valve 8G358 
Valve SGS 
Klystron K-11 


Lamp MN 5 653 V3 Oe 25h 


SECRET 


Ys wad eerie 


| Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 4 





Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA-RDP80T00246A031400010001-1 


~— SEGREL 


4 of automatic tracking channel 





Amplifier uni 


Sateen aelatarne tlio ton artnet 





Ried T"Resistor WS0,25-1+75-I1 “75 ohms 
| ‘ny Resistor WS«O, 25=1=-330-IT : 330 ohms 
3 Resistor WS~0,25-1+100-I1 {100 ohms 
qm). Resistor WS-0,25=1—1.70-IT ; 470 ohms 
R1=5 | Resistor WS-0, 25-1 ~330-I1 330 ohms 
R1i-6 Resistor WS~0,25=1=-330~IT 430 chms 
Rin7 Resistor WS~O, 25~1-4. 70-11 | 470 ohms 
Ri~8 Resistor WS~0, 25~1~100-IT 100 ohms 
Ri~9 Resistor WS-O, 25=1=330«IT 330 ohms 
R1-10 Resistor W5-0, 25<1-100-I1 400 ohms | 
R1=11 Resistor WS-0, 251 =). 70—IT 1.70 ohms j 
R1i-12 Resistor WS-0, 25~1-330-I1 330 ohms 
R1=13 Resistor WS+0,25=1~330-11 330 ohms 
R1-14. Resistor WS-0,25=1=/.70-I1 470 ohms 
R15 Resistor WS-0, 25~1-100-IT 400 ohms 
R1-16 Resistor WS~O, 25=1-56—I1 56 ohms | 
Ri~17 Resistor WS--0.25=1-270-IT 270 ohms 
R1-18 Resistor WS=0, 25—1-330-I1L 330 ohms 
4-19 Resistor WSO, 5-4-1000-I 4 kilohm 
4-20 Resistor WS+O, 5-1~100-IT 100 ohms 
R1-24 Resistor SP-11<2a-I A 4 kilohm 
Ri-22 Resistor WS-0, 25-1-100-IL 400 ohms 
R1-23 Resistor WSO, 5-1~1000-L : 4 kilohm 
Ri =2d, Resistor WS-0, 251-3300eIT 330 ohms 
R1-25 Resistor WS=1=-1-62000~IT 62 kilohms 
R1=26 Resistor WS+O. 25—1-4.3006-L 4.3 kilohms 
Ri-27 Resistor WSO, 251~-2000~IL 2 ki lohms 
@' -28 Resistor WS=0, 25=1-220-IL 220 chms 
429 Resistor WS-0,25-1~1000-I | 4 kilohm 
R1=350 Resistor WS=2:1 ={.300—IL 4,3 kilohms 
Ri-31 Resistor W«2-1-6800~IT 6,8 kilohms 
Ri=43 Resistor WS--0, 251-0, IT O, 2. megohms 
R41 = 3), Resistor WS-1-1-1000~-IT 1 kilohr 
R155 Resistor WS=-2~1~1500-IT 435 kilohms 
R1i-37 Resistor WS+0, 25—1 =!.700-IT Lh, 7 kilohms 
R1-38 Resistor WS~O, 25=1~0, 1-11 0.1 megehm 
R1-39 Resistor WS-0, 25-1-0,1—11 0.1 megohm 
R110 Resistor WS-O, 25=1-33000~-IT 33 kilohms | 
R124 Resistor W5—2—1~18000~IT 48 kilohns 
R1-4.2 Resistor SP-Iie-2a-3,3 A 3,3 kilohms 
Ri 1.3 Resistor WS-1-1-82000-I1 82 kilohms 
R17 dy Kesistor SP-1-2a-10 A 10 liLlohms 
R145 Resistor WS=0.5=1-1. 5-11 4,5 megohms 
R1-1,.6 Resistor WS-0, 5=1-. 7-11 he 7 megohms 
R117 Resistor WS-O, 5-1-1000-IT 4 kilohm 
R1H4.8 Resistor WS-2-1-0,.1-I1 0,1 megohm 
R149 Resistor WS=1-1-0. 338IT 0.33 megohn 
R150 Resistor WS-0, 5=1-56000-IT 56 kilohms 
R151 Resistor WS-2—1-39000-IT 39 kilohms 
R1-52 Resistor WS-2-1-39000~IT 59 kilohms 
R1-53 Resistor WS=2=1-0.4.7-I1 0.47 megohm 
- R15 Resistor SP=FI-2a-100 A 0.1 megohm 
}. 55 Resistor WS-O,25-1-0,1-I1 0.1 megohm 
m1 56 Resistor WS-0, 25-1=0, 51-11 0.51 megohm 
R157 Resistor WS=1-1~3%000-I1 33 kilohms 
Ri+58 Resistor WA~O, 25=1-330-IT 330 ohms 
R1-59 Resistor WS-O, 25=1-100-I1 109 ohms 
Ri-60 Resistor WS-2~1-0,1-IT 0,1 megohm 
RIGA | Resistor WS-0,25-1-10000-IT. wt. 40 kilohms ... .. 
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; “SEGRE I 


C412 
C13 
C45 
Qo 
C1=7 
04-8 
1-9 
Ci-10 
Ci-114 
‘01-12 
Ci-14. 
C115 
C1-16 
o1-18 
C1=-19 
C1-20 
C1 -24 
Ci-22 
01-23 
C1-2), 
01-25 
C1-26 
C1+27 
C1-29 


Ci-32 
01-33 
01-35 
01-36 
01-37 
01-39 
C1-4.0 
CA 1 
Ci-4.2 
C1-4.3 
C4 dd 
O1-1.5 
C1-4.7 
C1-1.8 
C1-50 
C1-54 
C1-52 
C1-53 
C1-5h. 
01-55 
Li-4 
Li=2 
Ii-3 
T=) 
L4=5 
Li-6 
TA-7 
11-8 

gm Li-9 

a Li-10 
L141 
Tri~1 


















Tri-2 


C1 +34 © 


'. 


Capacitor KTK-2-D-00-IT * 
Capacitor KSO0-2-500-B~1000~II 
Capacitor KS0-2-500-B~1000—IT 
Capacitor KS0-2-500-B-—1000~IT 
Capacitor KTK-2-D-100~IT 
Capacitor KS0-2-500-B=1000~IT 
Capacitor KS0-2-500-B-1000~IT 
Capacitor KSO-2-500-B—1 000-IT 
Capacitor KSO-2-500—B-1000-IT 
Capacitor KTK-2-D-1{00~IT 
Capacitor KSO~2-500-B—1000~IT 
Capacitor KS0-2-500-B-1000-IT 
Capacitor KTK-2~D-100~IT 
Capacitor KSO~2-500~B-/000-IT 
Capacitor KS0~2-500-B-1000-IT - 
Capacitor KBG—I-200-0, 05-IT 
Capacitor KTK-2-D-100-IT 
Capacitor KSO-2-500—B—1000~IT 
Capacitor KS0-2-.500-B-1000-IT 
Capacitor KS0-2-50C-~B~51CO-IT 
Capacitor KTK-2-D-24.0~I 
Capacitor KTK-2-D~100~IT 
Capacitor KSO-2-500-B-—1000-IT 
Capacitor KSO~2-500-B~1000-IT 
Capacitor KSO-2~500-B-1000-IT 
Capacitor KSO-2-500-B~1000-IT 
Capacitor KIK-~I-M-5-IT 
Capacitor KTK-2—D~100-IT 
Capacitor KBG-lMP-2W-600-2x0, 5-I1 
Cavacitor KBG—MP-2W-600-2x0, 5~II 
Capacitor KSO-5~500-B-5100-IT 


Capacitor KBG~I-1,00-0, 05~-II 
Capacitor KSO-5-500~B-51 00-IT 


Capacitor KBG-MP-2W-~600-2x0, 5-II* 


Capacitor KBG-I-200-0,1-IT 


-Capacitor KS0-2~500-B-1000-IT 


Capacitor KBG-MP-N-200-0, 1-IT 
Capacitor KEG-MN-2A-4.00~2x2, O-IT 
Capacitor KBG-MN-2A-4.90-2x2, O-IT 
Capacitor KBG-MP-W-600-0, 5~IT 
Capacitor FS0-5-500-B~5100-IT 
Capacitor KBG—MP-—W-4.00-0, 25~IT 
Capacitor KS0-2-500~B~1000-IT 
Capacitor KS0-2~500-B-1000-II 


f4eo Ror 


4000 pF 
4000 pF 
1000 pF 
100 pF 
1000 pF 
4000 pF 
4000 pF 
4000 pF 
400 pF 
4000 pF 
4000 pF 
400 pF 
4000 pF 
4000 pF 
0.05 Wi 
100 pF 
4000 pF 
400C pF 
5100 pF 
2.0 pF 
{00 pF 
1000 rF 
4000 pF 
1000 pF 
4000 pF 
5 pF 
100 pF 
2x0.5 WF 
2x0. 5 UF 
5100 pF 


0.05 MF 
5100 pF 
2x0. 5 UF 
O.1 UF 
1000 pF 
1,0 UF 
2x2,0 UF 
2x2,0 PF 
0.5 UF 
5100 pF 
0.25 uF 
4000 pF 
4000 pF 
4000 pF 


Capacitor KSO-2-500-B~1000-iT 


Induction 
Induction 
Induction 
Induction 
Induction 
Induction 
Induction 
Cheke 

Choke 

Induction 
Choke 


coil 
coil 
coil 
coil 
coil 
coil 
coil 


coil 


Transformer 


Transformer 


| seg ET 
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2.9 LH 
1.4. WH 
1.4 PH 
104 WH 
0.95 pH 
1.4 PH 
204 WH 


| 90 LH 


4 PH 

3.25 WH 

200 WH 

440 V/2x300 V 
427 o/s 

110 V/5 VW/ 
6.3 V/6.3 V/ 
6.3 V/12.6 V 
427. 0/8. 
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Vi-4 








| Valve 624 
V1~2 Valve 6Z4 
V1-3 Valve 62. 
ce WA ly Valve 62); 
@ v-5 | Valve 62), 
Sw V1~6 | Valve 62) 
Vi-7 Valve 6HES 
vi-8 ; Valve 624. 
. Vie9 | Valve 6P9 
V1-10 Valve 6N8S 
: v1 ~14 Valve 624. 
Vi-12 Valve 5045 
VWi-13 Valve GU-50 
V1 td Valve 6P9 
Via15 | Valve SG3S 
Vi-17 Neon lamp MN-3 
awi-1 High-frequency connector 
Zwi -2 Connector 
awl -3 High-frequency comector 
Zw —h. High-frequency connector 
@ awi~5 High-frequency connector 
— Zwi-6 Knife-type connector 10-contact 
Gi~1 Jack 
G1-2 Telephone jack 
G1-3 Telephone jack 
Gi=). Telephone jack 
Wwi—1 Double—pole switch 
Wi-2 -| Double—pole switch 
Wi~3 Plug 
@ Bi-1 Fuse 2A 
B1-2 Fuse 1A 
214 Choke 90 mA; 0.5 
_P1-1 _...... ..} Double-pole two-way Sony —  E AAOV 3 50 o/s 
Range Channel Amplifier 
R2=1 Resistor WS-0,25-1-200-IIT - 200 ohms 
R2=2 : | Resistor WS~O, 25~1-56-I1 56 ohms 
R2-3 | Resistor SP-II-2a-1A 1 kilohm 
&@ R24 Resistor WS~-0, 25-1-660-I1 680 ohms 
R25 Resistor Ws-1-—1-—1500-I1 1.5 kilohm 
R26 Resistor We-1-1-62000-IT 62 kilohms. 
R2-7 Resistor WS-O, 25~1-2000-I 2 kilohms 
R2-8 Resistor WS-0, 25-1-200—II 200 ohms 
R2~9 Resistor WS-O, 25=1—75000-I 75 kilohms 
R2-10 Resistor WSO, 25-1-—3000-I 3 kilohms 
R241. Resistor WS-0, 25-1-0, 22-II OQ, 22 megohm 
R2=12 Resistor WS-4-1-2000~I 2 kilohms 
R243 Resistor WS-2-1-56000-IT 56 kilohms 
R214, Resistor WS-2-1-2),000-I1 2 kilohms 
R2=15 Resistor WS-1-1-2700-ITL 2.7 Kilohms 
R2=16 Resistor WS-Q,.25-1-0,4.7-I1 0.47 megohm 
R24 7 Resistor WS-0, 25=1-150-IT 150 chms 
R2-18 Resistor WS-0, 25~1-10000-IT 40 kilchms 
aim =R2-19 Resistor WS-O, 25~1~-7500-L 7.5 kilohms 
oe R2-20 Resistor WS~O, 25=1-33000-I1I 43 kilohms 
R2—21 Resistor WS-2-1-{000-II 4 kilohm 
R2~22 Resistor WS-2—4-4{COO-II 4 kilohm 
R2-23 Resistor WS-2-1-1000-ITL 4 kilohm 
R2—2), Resistor WS-2-1—-1000~II 4 kilohm 
R2—25 Resistor See ~{ 000-IT 4. kilohm 
R2~26 « Resistor WS-2—4-1000-IT 4 kilohm 
Dp % 
— R—27. _| Resistor WS-1-1-18000-IT | OL ‘4 RET. 48 kilchms. 
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R2=31 
R2-32 


R2-29 
R2-30 


R2-33 
R2=34, 
R2-35 
R2-36 
R2=37 
R2=38 
R239 
C2~4 
C2-2 
C23, 
C2—L, 
C25 
C2—6 
C2~7 
C2-8 
C2+9 
C2-10 
C244 
C242 
C2=13 
C24, 
02-15 
C2=16 
C2-17 
C219 
C2--20 
C2—24 
C2-22 
L2—4 
L2-2 
L2-3 
2-2, 
D22-" 
Tr2—4 


er ep ET ILS CORTE Ae IELTS SD 


Tr2-2 


Zwe~1 
aw2—2 
Zw2-3 
Zw2—l, 
G2=1. 
B21 
B2=2 
W2—4 
W2-2 
Vo-4 
V2~2 
V2—3 
V2—h. 
V2=5 
Ve~-7 
V2-8 
V2-9 
V2=10 
V2—41— 


Neon lamp MN=3 


~ 25 NEN 
Resistor WS-0.25-1-10000-IT . 
Resistor WS-0, 25-1-1000-IT 
Resistor WS-0, 25=1-51-IT 
Resistor WS-0,25-1—-51-I1 
Resistor WS-O, 5-1-0, 22-IT 
Resistor FEW~20-510 ohms-II 
Resistor PEW-25x390 ohms-II 
Resistor WS-0, 5-1-27000-I1I 
Resistor PEW-20-5,1 kilohms-IT 
Resistor WS~2~1-56000-IT 
Resistor WS-2~1-56000—II 
Resistor WS-2=1-24.000-IT 
Capacitor KS0-2500-B—400~—IT 
Capacitor KSO-2-—500-B~1000-IT 
Capacitor KS0-2-500-B-1000-IT 
Capacitor KSO0-2~500~B—1000-IT 
Capacitor KS0-2-500-B—100-IT 
Capacitor KS0-2-500-B—4000-IT 
Capacitor KTK-1-M-10-IL 
Capacitor KBG-I-200-0, 1~ITI 
Capacitor KBG-MN-~A+.00~2~IIT 
Capacitor KBG~1~600-0, O1=IT . 
Capacitor KSO-2-500-B-1000~IT 
Capacitor KBG~NP-N-600-1, O~III 
Capacitor KBG-MP+2N-4.00-0, 25-II 
Capacitor KBG-MN~N-.00-0, 25-IT 
Capacitor KBG~MP--2N-1.00-0, 25-IT 
Capacitor KBG~1=4.00-0, 05-IT 
Capacitor KBG-1~-600-0,01-IT 


Capacitor KBG-MN-2A-/.00~2x2, O-IT 


Capacitor KBG-MN-~2A-1,00-2x2, QO-IT 


Induction coil 

Induction coil 

Choke 

Choke 

Low frequency choke 4 H + 10% 
Transformer 


Transformex 


High-frequency connector 
High-frequency comnector 
High-frequency connector 
Krife-type connector 

Jack 

Fuse 

Fuse 

Double-pole switch 

Double-pole switch 

Valve 624 

Valve 6H6S 

Valve 624 

Valve 622; 

Valve 6P3S 

Valve 545 

Valve 50,5 - 
Valve 5CiS 
Valve SG35 
Neon lamp MN-3 


SEGRET 


| 40 kilohms 
1 kilohm 
51 ohms 
51 ohms 
0,22 megohm 
510 ohms 
390 ohms 
27 kilohms 
5.1 kilohms 
56 kilohms 
56 kilohms ‘ 
2. kilohms 
400 pF 
4000 pF 
1000 pF 
1000 pF 
400 pr 
4000 pF | 
10 pF i 
Oot pr 
0.01 LF 
4000 rF 
1 pF 
0,25 LF 
0,25 LF 
0,25 pF 
0,05 pF 
0,01 UF 


2x2.0 UP. 


2x2,0 UF 


269 LH 

204 WH 

90 YH 

200 LH 

4 H 

410 V/200 V/ 
5 W/5 V/6.3V 
410 V/350 V/ 
350 V 


10—contact 
2A 
1A 
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Range Measuring System 





: Rerige unit 
@:-: Resistor WS-0, 5-1-2, 2-IT 2,2 megohms 
~ RE~2 Resistor WS-O, 25-1—510-IT 510 chms 
— RB-3 Resistor WS-1-1-0,.1+IT 0.1 megohm 
R61, Resistor WS-1-1-).7000-IT 4.7 kilohms 
R8-5A | Resistor WS-2-4 -22000-II 22 kilohms 
R8-5B Resistor WS-2—4-22000—TT 22 kilohms 
R8B~6 Resistor WS--O. 5—1-22000~IT 22 kilohms 
R8&-7 | Resistor WS-1-1-0,13-I 0.13 megohm 
R88 Resistor WS-41-1-51000-IT 51 kilohms 
R8-9A Resistor WS-2-1-22000-ITL 22 kilohms 
R&-9B Resistor WS+2=1-22000+II 22 kilohms 
R8-10 Resistor WS-2-1-0, 27-1 0.27 megohms 
R&—14 Resistor WS+O, 25-1-62000-II 62 kilohms 
RE—1 2 Resistor SP-II-2a-1.7A 4.7 kilohms 
R8B-13A Resistor WS—2-4«.22000~IT 22 kilohms 
R81 3B Resistor WS~2—1-22000-II 22 kilchms | 
RB=1h. Resistor WS-2—4-0, 27-1 0.27 megohm 
R8-15 Resistor WS-0, 25=—1-24.000-1I 2h. kilohms 
R6&~16 Resistor SP~II-2a-),. 7A 4.7 ki] ohms 
R8-1 7 Resistor WS-1-1-51000-I 541 kilohms 
R8-18 Resistor WS-2-1-0,1-IT 0,1 megohm 
R819 Resistor SP=II~29=).70A 4.70 kilohms 
R&-20 Resistcr WS-2-1-1000-I 1 kilohm 
RE-21 Resistor SP~II=2a—),70A 4.70 kilohms 
R8-22 Resistor WS-0O, 25-1-0, 51-1 0,51 megohm 
RG~23 Resistor WS-1~1-0,.1—-I1I 0,1 mezgohm 
P RO-2) | Resistcr WS-1-1-10000-~IT 10 kilohms 
RG-25.- Resistor WS-2=-1—10000-IT 410 kilohms 
R8~26 Resistor W5-1-1-1,0-IT 41 megohm 
R&~27 Resistor SP-TI-2a-~-68A 68 kilohms 
RS~28 Resistor WS-1-1~-0, 82-IT 0.82 megohm 
R8-29 Resistor WS-0, 25-1-27000-I 27 kilohms 
R8-30 Resistor WS-2-1-5100-L | 5.1 kilohms 
R8=34 Resistor WS+-2-1-5100-I 5.1 kilohms 
R8-32A Resistor WS-2~1-10000-IT 10 kilohms 
R8-32B Resistor WS-2—4~-10000—IT 10 kilohms 
R8~33 Resistor W3-2—1-.700-IT 4.7 kilohms 
RO~ Fy Resistor WS-2-4-3, 3~I1 3.3 megohms 
R8-35 Resistor WS-2—4-5600-IT 5.6 kilohms 
R8-36 Resistor SP-II-2a~-l.70 A 4.70 kilohms 
R8-37 Resistor WS-O, 25—1-27000~I 27 kilohms 
R8+38 Resistor SP-IT~2a-1,70A 4.70 kilohbms 
RE-~39 Resistor WS-2-1-0,1-I 0.1 megohm 
R8—.0 Resistor WS-2—1-0.1-1 0.1 megohm 
R8—~14 Resistor WS-2~1-10000-IT 10 kilohms 
R8~4.2A Resistor WS-2-1-3900-II 309 kilohms 
R8—1.2B Resistor W5-2-1-3900~-II 3.9 kilchms 
R813 Resistor WS-O, 25-1~-0,47~I O.4.7 megohm 
_ RO-WY Resistor WS-O, 25-1(75000-0,15)-II 75 kilohms- |Used when tuning, 
0.15 megohm jin stations in 
: current 
production, 
RB-4.5A Resistor WS~2-4-4.7000-5 1.7 kilohms 
R8-).5B ........} Resistor WS-2-1-4,7000-L.. . | 47 kilohms 
[One whole page missing/ 
; SEGREE /civdvsceoes 
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R8-97A 

R8~-97B 

C81 
@ cs-2 
C83 
C8-). 
C8=5 
C8+5 
C8-7 
C8~8 
C8~9 
8-10 
C8~1 4 
C8~12 
C8=13 
C84). 
08-45 
C8~16 
C8-17 
C818 





C8~19 
C820 
C824 
C8~22 
C823 
08-2), 
C8=25 - 
C8-26 
C8~27 
C8~28 
C8-29 
C8-30 
C8-31 
C8-32 
C8—33 
C8~3). 
C8-35 
C8—36 
C8-—37 
C8-38 
C8-39 
C814 
C8~1.2 
C8-1.3 
C8-)2, 
C8-5 
C8=1.6 
C8-1.7 
C8-4.8 
C8-4.9 


C850 
C8=51 
C852 





C853 
C8-5), 
‘C855 
C8-56 
08-57 
08-58 | 
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Capacitor KPK~5-25/1 50 


Resistor WS-0, 5-1-2, 0-I1 


Resistor WS-2-1-22000-I 


Resistor WS-2~1+22000-I 
Capacitor KSO-6—1000-G-560~I 
Capacitor KS0-2~500-W-510-L 
Capacitor KS0-8-1000-B-—40000-IT 
Capacitor KTK~1-M-20-I 
Capacitor KSO~2-500—W-510-L 
Capacitor KTK-5-25/150 
Capacitor KTK-2-D~100-IT 
Capacitor KTK-4-M-5-IT 
Capacitor KSO-5-500-B-1800-I 
Capacitor KSO~5-500-B-1500-L 
Capacitor KSO--5-500-~B-3900-IT 
Capacitor KIK-1-M-5-~II 
Capacitor KS0-~5-500-B--3900-IT 
Capacitor KSO-8~1000~B+i0000-IT 
Capacitor KSO-5-500~-B-2000~I 
Capacitor KS0-8-1000-B-10000-IT 
Capacitor KBG-MP-2W~i000-0,1-I1 
Capacitor KBG~MN-3A-600-2x0, 1~IT 


Capacitor KS0~8-1000--B-1 0000~II 
Capaciter KSO0~2-500-W-510-L 
Capacitor KS0-3-1000~B-40000-I1 
Capacitor KIK-1-NM-20-L 
Capacitor KS0+2~-500-B~300-I 
Capacitor KBG~MP~2N-1 000-0, 1-IT 
Capacitor KTK-2-D-100-IT 
Capacitor KBG-I-600-0,01--I1 
Capacitor KS0-8--1000-B=10000~IT 
Capacitor KSO-6-1000-G—220-I 
Capacitor KIK-2-D-100-IT 
Capacitor KS0-5-500-G—1000-I 
Capacitor KS0-8-1000~B-10000-IT 
Capacitor KBG~MN-3A-600-2x1 , O-IT 
Capacitor KBG~MN-3A-600-2x1,.0-IT 
Capacitor KBG-MP~ZW-1000-0,1—IT 
Capacitor KS0--8-1000~-B—“ 0O000~—IT 
Capacitor KS0-8-1000~B~40000-IT 
Capacitor KTK~2—M- 75-5 
Capacitor KIK-3-M-150~-I 
Capacitor KTK-2—D-100-I1 
Capacitor KS0-2~500-W-620-I 
Capacitor KBG-MP-2N-1000-0, 1-I1 
Capacitor KSO-8~-1000-B-1 00V0-IT 
Capacitor KSO~2-500-B-300-1 
Capacitor KTK-1-M-20-I 
Capacitor KBG~MP-2W-1000-0,1-IT 
Capacitor KTK-2~M-51-I 
Capacitor KTK-2-M-51-I 
Capacitor KBG-MN~3A~600~2x0, 1-IT 


Capacitor KBG~MP-2W~600-0, 5-IL 
Capacitor KS0-8-4 000~B-4 COOO-IT 
Capacitor KBG~MN~3A-~600—2x0, 5—IT 


Capacitor FBG-MP-2W-600-0, 25-I1 
Capacitor KPK-5-25/150 
Capacitor KS0~5-500-G—2700-L 


Capacitor KS0-8-1C00-B-10000-IT 


Capacitor KTK~4-M-200-I 
araney 
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2.0 megohms 
22 kilohms 
22 kilohms 
560 pF 

510 pF 
40000 pF 

20 pF 

510 pF 
25/150 pF 
100 pF . 

5 pF 

4800 pF 
4500 pF 
3900 pF 

5 pF 

3900 pF 
40000 pF 
2000 pF 
40000 pF 
0.1 uF 

41,0 uF In one case 
with C8~1.9 
4000C pF 
510 pF 
40000 pF 
20 pF 
300 pF 
0.1 LF 
100 pF 
0.01 pF 
40000 pF 
220 pF 
400 pF 
1000 pF 
40000 pF 
1,0 uF 
1,0 PF 
O.1 LE 
40000 pF 
40000 pF 
75 pF 
150 pF 
400 pF 
620 pF 
0.1 UF 
40000 pF 
300 pF 
20 pF 
0.1 pl 
51 pF 

51 pF 
1,0 LF 


In one 
case 


In one case 
with C8-18 
0.5 PF 
40000 pf 
0.5 uF 


0.25 WF 
25/150 pF 
2700 pF 
40000 pF 
200 pF 
25/150 pF 


In one case 
with C8~-68 
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“CB-59 0 b Capacitor KIK-i,-W-200-I | 200 pF 
C8-60 | Capacitor KSO-6-1000-G-2000-I 2000 pF 
C861 | Capacitor KS0-6~1000-G-2000-I 2000 pF 
C8-62 i Capacitor KS0-2~500-G~4 000-1 14000 pF 

— QGov-63 Capacitor KS0-2-500~C=1000-I 4000 pF 
C86. Capacitor KS0-6~1000-G-2700~I 2700 pF 
C8-65 Capacitor KPK=5~25/75 25/75 oF 
C8-66 Capacitor KSO-5-500-B-2000-I 2000 pF ; 
C8~67 Capacitor KS0-2-500-B-200-IT 200 pF 
C8-68 | Capacitor KBG-MN~3A-600-2x0, 5-IT 0.5 uF ae ere 
{ wit — 
C8~69 | Capacitor KTK-3-M~130-I 130 pF 
C8-70 Capacitor KTK~3—M~150~I 150 pF 
C8-71 Capacitor KTK-1-D-51-I 51 pF 
C5-72 Capacitor KTK-3-M—150~I 150 pF 
C8-73 Capacitor KTK~4—D-51-I 51 pF 
C87). | Capacitor KS0-5~500-B—1 500-I 1500 pF 
C8-76 - Capacitor KDK-1-D-24,-II (2h. pF 
C8-77A Capacitor KTK-5-5-~100-I 400 pF 
C8-77B Capacitor KTK-5-S-100-I 400 pF 
CS-77C Capacitor KIK-5-S-100~I 100 pF 
C8-77D Capacitor KTK~5-5—100-I 100 pF 
C8--7 7a Capacitor KTK~5-S-100~I 100 pF 
C8~77F Capacitor KTK-5~5-—100-I 100 pF 

- C8-77G Capacitor KTK-5-S-100-I 100 pF 
C8-77H Capacitor KTK-5-5-100-I 100 pF 
C8771 Capacitor KTK-5-S5S-100-I 100 pF 
C8-79 Capacitor KTK-1-M-22~IT 22 oF 
18-1 Choke 9 MH 
L8-2 Induction coil 40 MH 
L8-3 Induction coil 10 MH 
L8-). Induction cecil 500 MH 
L8-5 Induction coil 500 MH 
Vo-4 High-frequency pentode 6K3 
V8+-2 Double triode 6N9S 
V8~3 Double tricde 6N9S 
V8-4. Double triode 6N9S 
V8~-5 Beam tetrode 6P35 
V8-6 Double tricée 6N85 
V8-7 Double tricde 6N8S 
V8-8 Double triode 6NéS 
V8~-9 High-frequency pentode €Z4 
V8-10 | High-frequency pentode 624, 

VE~44 Double dicde 6HéS 
V8-12 High-frequency pentode 62). 
V8~43 Pentode 6P9 
V8~4), Double triode 6N8S 
V8-15 Double triode 6N&8&S 
V8—16 | Double triode 6N&S 
V8-17 Pentode 6P9 
Tr8~1 Phase~shifting transformer 
Tr8~2 Phase-shifting transformer 
Tr8—3 Transformer 
Tr8—d, Transformer 
Kw8~4 Crystal 740955 ke/s 
Kw6—2 Crystal 740955 keo/s 
G81 Telephone jack 
G82 Telephone jack 
G83 Telephone jack 
GB—h. Telephone jack 
G8-5 Telephone jack 
G86 Telephone jack 
48-7... . Telephone jack SEGRE | a. 
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} Telephone jack i 
G8B-9 Telephone jack 
‘G8-10 Telephone jack 
aan O14 Telephone jack 
@ GS-12 Telephone jack 
G84 3 Telephone jack 
G8~1 4. Telephone jack 
G8-15 Telephone jack 
Zw8—4 Knife-type connector 10-contact 
Zw3—2 Knife-type connector 16-contact 
Zwo-3 High-frequency connector 1-point 
Zwo~). High-frequency connector j-point 
ZwG5 High-frequency connector 4=-point 
Zw8-6 ...  _. | Connector... .. jA-point 
Range snd very-nserrow gate indicator unit 
R3=1 Resistor WS-O, 25-1~-22000-IT ~ i 22 kilokms 
R3—2 Resistor WS-0,25=1-0, 22-I1I 0,22 megohm 
/ . R3-3 ‘Resistor WS-0,.25-1-100-IT1 100 onms 
@ R35 e5 Resistor WS~0. 5—1-100~-IT 100 ohms 
R3~6 Resistor WS--0, 25=1-O.4.7-I1 O..7 megohm 
R3~7 Resistor WS-O, 25-1-0,/.7-IT 0.47 megohm 
R3-8 Resistor WSO. 25-1-0.4. 711 Ov4-7 megohm 
R3~9 | Resistor WS-0, 25-1-0.4.7-IT 0.4.7 megohm 
R3=10 Resistor WS-0, 25-1-0, 22~I1 0,22 megohm 
R3-11 Resistor WS-O, 25-1-0,4.7+IT 0.47 megohm 
R3=42 Resistor WS-0, 25-1-0, 22~IT 0.22 megchm 
R3=43 Resistor SP=1~2a~i50 A131 450 kilohms 
@ R3-1h, Resistor SP-1~2a-150 A 13 1 450 kilohms 
: R3—15 Resistor WS-2-1-0,1-IT 0.4 megohm 
R3-16 Resistor SP-1=2a-330 A131 3350 kilohms 
R3=17 Registor SP-1-2a-330 A131 330 kilohms 
R3-18 Resister WS-2=4~-4.7000~II 47 kilohms 
R3-19 Resistor WS~2-1-0, 15-IT 0.15 megohm 
R3~20 Resistor WS-2-1-0,1-II 0,1 megohm 
R3~21 Resistor WS-2-1-0,.1-I1 0.1 megohm 
R3~22 Resistor WS-2-1~68000-IT 68 kilohms 
R3-23 Resistor WS-1-1-0,1-IT 0.1 megohm 
@ R3-24. Resistor WS-O,25-1-0, 22-11 0,22 megohm 
R3-25 Resistor W-O, 25~1-0,47-I1 0.4.7 megohn 
R3~26 Resistor SPII-2a-1000 A 1 megokm 
R3-27 Resistor SP-II-2a-1000 A 4 megohm 
R3~28 Resistor WS-2-1-0,12-I1 0.12 megohra 
R3~29 Resistor WS-2—1-0,15-II 0.15 megohm 
R3-30 Resistor WS-2-1-0,15~-I1 0.15 megohm 
R3-31 Resistor SP-~II~2a-1000 A 4 megohn 
R3=-32 Resistor SP-II-2a-1000 A | 4 megohm 
R3-33 Resistor WS-0, 25~1-0,4.7-II 0.4.7 megohm 
R3—3. Resistor WS-O, 25-1-0,4.7-I1L 0.4.7 megohm 
R3-35 Resistor WS-0,25=1—0,4.7-IT 0.4.7 megohm 
R3~36 Resistor WS-C, 25=1+0,4.7-IT 0.47 megohm 
R3-37 Resistor WS-O, 251-1 000-I 4 kilohm 
R3-38 Resistor WS=2~-|~5100~I 5.1 kilohms 
@ R3-39 Resistor WS—7—-1-1C000-IT 10 kilohms 
R3-4.0 Resistor WS-2-1-5100-1 5.1 kilchms 
R3-h.4 Resistor WS--2-4--5400-I 5-1 kilohms 
R312 Resistor WS-d, 25-1-0,4.7-I1 0.4.7 megohmn 
R3-L4.3 Resistor WS-2—1-1{000-IT 41 kilohm | 
R3-)). Resistor WS-O, 25~1-33000-II 33 kilohms 
R345 Resistor WS-0, 25—1~4.700—IT 4. 7 kilohms 
R3-1.6 Resistor WS-1-1-15000-IT 45 kilohms 
_ R3-4.7 Resistor WS-1-1-1C000-IT € f e REY _ 40 kilohms i 
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“RR-US | Resistor WS-2-1-0.1-IT | O.1 megohm 
R3-49 Resistor WS-2-1-0,1-I1 0.1 megohm 
R3-50 Resistor WS-0, 25~1-22000-IT 22 kilohms 
R3=51 Resistor WS-0, 25-1-82-II 82 chms 
@ 2-52 Resistor WS-2-1~10000~I1 40 kilohms 
R3-53 Resistor WS-0, 5-1~100~IT 4100 chms 
R3-54. Resistor WS-0O, 5~1-160—IT 460 ohms 
R3-55 Resistor WS~0,25=1-200~IT 200 ohms 
R3-56 Resistor WS-O, 25-1-22000-IL 22 kilohms 
R3~57 Resistor WS-2—1-10000-IT 40 kilohms 
 R3-58 Resistor WS-0. 5=1~-160-IT 1 460 ohms 
C3—4 Capacitor “KS0~5-500-G~2700—II 2700 pF 
C3-2 Capacitor KIK~3-M~130~I 130 pF 
C3~3 Capacitor KS0-5-500-G~2700~-I1 2700 pF 
C3—d. Capacitor KS0-5-500-G-2700-IT 2700 pF 
C3=5 Capacitor KTK~3—-M~1 30-1 | 130 pF 
C3~6 Capacitor KSO-5-500-G~2700~II 2700 pF 
C3~7 Capacitor KS0-10~3000-~B-4000-IT 4000 pF 
03-8 Capacitor KS0~7 0-~3000~B-1000-IT 1000 pF 
63-9 Capacitor KBG-MP~2W-600-2x0,1-IT Oe1 UF In one 
@ C310 Capacitor KBG~MP-3W-600-2x0, 1~-IT Ost UF case 
C3~14 Capacitor KBG-MP~2W~1000-0,1~I1 0.1 PF 
C3-12 Capacitor KSO~10~2000~B-40000~IL 40000 pF 
C3=13 Capacitor KS0-10--3000~B~—4000-II 4000 pF 
C3—14 Capacitor KS0-5-500-G—2700-IT 2700 pF 
C3-15 Capacitor KS0~5-500—-G—51 00-I 5100 pF 
C316 Capacitor KS0~5=500~-G--2 700~IT 2700 pF 
C3-17 Capacitor KS0-5-500-G~2700~IT 2700 pF 
C3-18 Capacitor KS0-5-500-G—5100-L 510C pF 
@ C3=19 Capacitor KSO-5~500~-G—2700~IT 2700 pF 
C320 Capacitor KS0-8~1000~B-4 COQ0O-IT } 10000 pF 
C3~24 Capacitor KSO-8~1000-B-10000-IT 40000 pF 
05-22 | Capacitor KS0~2—500~B-4O000-IL 4000 pF 
03-23 Capacitor K3G-MP-3N-600-2x0,1-IT Oo1 PF In one 
C3-2 Capacitor KBG—MP-3N~600~2x0, 1-IL Oot LE case 
C325 Capacitor KBG~I--600-0, 01—IT ° 0,01 pF 
03-26 Capacitor KIK~-2-D~24.0~IT 2.0 pF 
03-27 Capacitor KS0-8~4000~B~4 0000~IT 40000 pF 
C3-28 Capacitor KBG-MP-ZN~600~1 ,O-IT 1} 1,0 uF 
& 03-29 Capacitor KS0-8-1000-B-10000~II 40000 pF 
03-30 Capacitor KS0-5-500-B-2000~IT 2C00 pF 
C3~34 Capacitor KTK-2-D-300~I 200 pF 
C3—32 Capacitor KSO0-5-500-G~2700—I1 2700 pF 
C3-33 Capacitor KS0-2-500-b-300-I 300 pF 
C3— 3d. Capacitor KSO-2-500-B~300-L 300 pF 
C435 Capacitor KSO0-2-500-B-300-T 300 pF 
C336 Capacitor KS0-2~500-B-300-L 300 yF 
C3-37 Capacitor KS0~2~500-B-J3O0-I 300 pF 
C3-38 Capacitor KS0-2~500~B=300—I 300 pF 
04-39 Capacitor KSO-2-500-B-300-L 300 pF 
03-10 Capacitor KS0~2—500-B~300-I 300 pF 
C3=1.4 Capacitor KSO-5-500-B-2700-IIT 2700 pF 
C3 ~).2 Capacitor KS0-5--500-B~2700-IL 2700 pF 
C3-1,.3 Ce pacitor KBG-MP~2N-600-1.0-IT 1.0 wF 
C3—)dp Capacitor KPK-i~6/25 6/25 pF 
@ C3415 Capacitor KPK-1-6/25 6/25 pF 
C3~L.6 | Capacitor KiK-1-D-5i-I 51 pF 
C5<.7 Capacitor KTK-1-D-51-I 51 pF 
C3~4.8A Capacitor KSO-2--500-B-300-I 300 pF 
C3-4.8B Capacitor KS 0-2--500-B- 500—I 300 pF 
C3-4.8C Capacitor KS0~2~500~B-300~L 300 pF 
C3-4.9 Capacitor KRG-MP-2W-600-0, 5-IT 0.5 uF 
C3~50 Capacitor KSO-5-500~—B-2700-IT 2700 * 


AZ BA Mananttarn KTK 2 N=30N—T or Api Ty 700 v0 
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vi UNE 





“B3-4 |: «Delay line © 0015 psec. 
H3-2 ‘Delay line Ooh UL SECs 
13-4 Choke 85 MH 
L3-2 Cheke 4 MH 

@ = Induction coil 23 i 
L3—l, Induction coil 25 WH 
3-5 Induction coil 3e6 MH 
L3~6 Tnduction coil 3.6 MH 
37 Taduction coil 3.6 MH 
L383 Induction coil 3.6 MH 
L3~-9 Induction coil 3.6 MH 
L310 Induction voil 3.6 MH 
L3~44 Induction coil 366 WH 
L312 Induction coil 3.6 MH 
L3-13 Induction coil 407 MH 
L3=th. Induction coil 1.7 MH 
L3-1 5A Induction coil 3.6 MH 
L3~1 5B Induction coil 3.6 MH 
L3-15C Induction coil 3,6 WH 
V3—1 Double triode 6N8S 

@ | V3R+2 High-frequency pentode 62, 
V3-3 Double triode 6N8S 
V3—h. Dovble triode 6N85 
V3-5 Double triode 6N85 
V3-6 Cathode~ray tube 8LU50 
V3-7 Cathode-ray tube 8L030 
23-8 Filament lamp, type 14 
23-9 Filament lamp, type 14 
Tr3=1 Transformer 66 3V/6.3V3 
& 2.1A4/1.5A3 
127 o/s 
Tyr3~2 Transformer 75 ke/s 
Tr3-3 ransformer 75 ke/s 
Pr3u—)p Transformer 3275 ke/s 
Tr3-5 Transformer 3.75 ke/s 
Tr3-6 Blocking oscillator transformer 
Tr3-7 Blocking oscillator transformer 
Tr3-8 ‘Blocking oscillator transformer 
W3-1 | Double-pole switch 
S W3—2 | Double-pole. switch 
G3-1 } Telephene jack 
G3~2 Telephone jack | 
G3—3 Telephone jack | 
G3—d. Telephone jack | 
aw3~1 Knife-type connector 10-contact 
Zw3+2 Knife-type connector | 10-contact 
Zw3~-3 Connector 4-point 
Zwj~d, High-frequency connector | 1-point 
Zw3—5 High-frequency comector { 1-point 
Zw3~6 High-frequency connector | 4~point 
aZw3-/ High-frequency connector i i-contact 
20398 Comnector - | A-point 
Range unit 
@ Rh=4 | Resistor WS-0,25-1-0,1-1 0.1 megohm 
Ry 2 Resistor WS=1-1-0,15-1 0.15 megohm 
Ry} Resistor WS-9, 5-1-3900-—IT 3.9 kilohms 
Ry. Resistor WS-0, 25~1-0.4.7-L 0.4.7 megohm 
Ry 5 Resistor WS-0, 5-1-1000-IT 4 kilohm 
Ry~6 Resistor WS-i-1-3900-IT | 3.9 kilohms 
R4=7 Potentiometer 1000 ohms = 10%, 3 W 1 kilohm 
R4-8 Resgiston WS+t--1-3900-TI | 3,9 kilohms 


CERREY 
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ao 


R4-10 


| @ Ri=14 


Ry=12 


Rho 3 
Rath, 
R15 
R16 
Bh~17 
R18 
R19 
R.-20 
Ry-24 
RA-2 
R23 
Ry 2h 

@ x2 
R425 
Ry26 
R427 
Ot 
Ch-2 
Chad 


Chl}. 
& Ch 5 
Ch.-6 
Ch 7 
C8 
Ch9 
Ch~4 0 
Chm 4 
Ch Ad 
Chet 5 
Ch.—16 


© Ch.-1 7 


V4.4 
Vie? 
V4.3 
Trh—4 
Wh.—-3 
Wop. 
Wh-5 
Wh 6 
Wy-2 
My—3 


My), 
Gh—4 


@ a 
Zwh—4 
Zwh-2 
Zwl.—-3 

. ENApendy.. 


unt 
| Resistor, wire~wound, 1600 a i 


=£40%,1W 


Boren une rey a, 4000 ohms 


10%, 3 W 


POP ERASE wisre—wound , 4000 chms 


£ 410%, 3 W 


| Resistor, wire-wound, 1600 ohms 


£106, 4 W 
Resistor WS-2—1-6800-IL 
Resistor WS-2-1-6800-IT 
Resistor WS-2-1+6800-I1 
Resistor Wo-1~1+,7000-IT 
Resistor WS-0,5-1-1,0-II 
Resistor WS~O, 25=1-150-II 
Resistor WS-2—1-—1000-IT 
Resistor SP-II-2b-10 A 
Decade potentiometer DP~10000 
Resistor WS~2-1-3600-"1 
Resistor SP~II--2a-1 A 
Resistor PO-10-5000~I 
Resistor PO~10-5000-I 
Resistor SP-I[-2a-2,.2 A 
Resistor WS~2-1-1000-IT 
Resistor WS-2-1-2200-I1 
Capacitor KS0~2-500-A-4000-IT 
Capacitor KS0-2~500—A-1000-IT 
Capacitor KBG-~MP~3W-600-2x0, 1-IT 


Capacitor KS0~-8~4000~A-1 0000-II 
Capacitor KIK~2-M-51-IT 
Capacitor KS0-2-—500—A-1000~I1 
Capacitor KPK=5-25/150 
Capacitor KSO-2-500-A~1000~IT 
Capacitor KBG-MP-2W-600—0, 5=I1 
Capacitor KBG-I-600~0,.025~IT 
Capacitor KBG—I-4.00-0, 05~IL 
Capacitor KBG—MN-2A-4.00-/,. 0-IT 
Phase shifter | 

Capacitor KBG-MP-3W-600-2x0, 1—IT 


| Capacitor KBG-MP-2W-60C~-O, 5-IT 


Double triode 6N8S 
High-frequency pentode 62) 
Dial lamp MN-15 
Transformer 

Double-pole switch 
Double-pole switch 
Control button 

Start button 

Motor 2ASM-200 

Selsyn DI-511, class I 


Selsyn DI-5i1, class IT 
Telephone jack 


Telephone jack 
High-frequency connector 


| High-frequericy connector 


Knife-type connector 


. |. Knife-type connector 000. 


SECRET 


| 





ae kilohms— 
1 kilohm 
4 kilohm 
1.6 kilohms 
6.8 kilohms 


6,8 kilohms 
6.8 kilohms 


| 4.7 kilohms 


1 megohm 
450 ohms 
4 kilohm 
10 kilohms 


40 kilohms — 


3.6 kilohms 
4 kilohm 

5 kilohms 

5 kilohms 
2.2 kilohms 
4 kilohn 
2,2 kilohms 
4000 pF 
4000 pF 

0.1 Fr 


40000 pF 
51 pF 
4000 pF 
25/150 pF 
4000 pF 
0.5 pF 
0.025 UF 
0,05 wr 
4.0 PF 


O.1 UF 
0.5 UF 


Single pole 


110 V;6.2 W 
110 V;50 c 

0.2 A 

1140 V350 c 

0.2 A 


4~—point 
4—point 
16-contact 
46-contact 





In one case 
with Ch—16 


- 1In one case 
/ |with Ch-3 
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Rp” 


R7~2 
@ R7-3 
R7-d, 
R7-5 
R7-6 
R7-7 
R7~8 
R7-9 
R7=10 
R7-14 
R7~12 
R7~13 
R7—Ad 
R7-15 
R7-16 
R7-17 
R7-18 
R7-19 
R7~20 
R7-21 
R7-22 
R7-23 
R/-2h 
R7+25 
R7-26 
R7-27 


@ 


R7-30 
‘R731 
R/-32 
R7~33 
R7~34. 
R7-35 
R7-36 
R7-37 
R7-38 
R7~39 
R7-1.0 
RHI 
R7-1.2 
R[—4.3 
R7-hd 
R745 
R7-4.6 
R77 
R7-4.8 
R79 
R7-50 
R7-51 
R7-52 
R7=53 
R7-54. 
R7~55 
R756 
R7-57 
R7-58 
R7-59 
R7-60 








R7-61.. 


es 
| 
| 
i 


sistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistcr 
Resistor 
Resistor 
Resistor 


Resistor, tubular, 
Resistor, tubulab, 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistcr 
Resistor 
Resistor 
Resistor 
Pesistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


! Resistor 


, OLUNLS 


Automatic range finder wit finder unit 


WS~O, 5-1-68-I1 
WS-0, 25=1-100~IT 
WS] 1-0, 27-11 
WS~O. 5=1 ~30000~I 
WS~O, 5-1-0, 1-IT 
WS~0, 5=1~-10000~IT 
WSO 25~—1 <4 50—IT 
WS~0, 25=1 =1 O0O~IT 
WS-1-1-0, 27-11 
WSO, 5=1-30000-I 
WS-O, 5-1-0, 1~IT 
WS-O, 5-1-1 0000~IT 
WSO, 5—4 ~24.00~IT 
WS-2—4 4. 7000—IT 
WS-2—4 J, 7000-IL 
WS~2—4 1. 7000-IL 
SP-II-2a~3,35 A 
WS-2—4-510-IT 
I-5000 
T5000 
WS-2—4 —1.7000-IT 
WS-2—4 1. 7000~TT 
WS-2—4 ~1. 7000~LL 
WS<0;, 5—1 -21,00—L 
WS~-2—1 ~2000-L 
WS-O, 5-1-0, 21 
WS~O, 5=-1-400-IT 
WS~2—|-8200-IT 
WS—2—4 ~8200—IT 
WS~-0. 5=1-100-II 
WS-0. 5—1 ~20000~I 
W8-4~4-1,700-I 
WS-2—4 ~22000-IT 
WS—-2—4 --22000-IT 
WS~4 4 1. FOIL 
SPHITI-2a—-2,2 A 
WS-O, 5=1-0, 2-1 
WS—2—4 1 5OO0~IL 
Fig 2—4 —1 5000-17 
WS-2-4~1000—IT 
WS-2—4 ~-1 000-IT 
WS—2—4 ~4 000—IT 
WS~2—1 ~1000-IT 
WS-O, 5-1-0, 51~I 
WS-O0, 5-1-0, 91-1 
WS-0, 5=1~18000-~I1 
WS-0,. 5-1-0, 91-1 
WS-0. 5—1~4 0000-IT 
WS—1-{-0.1-IT 
WS—1-1-0, 1 5-IT 
WS~1-1-0, 1-11 
WS~O., 5=4 -O, 2-1 
WS—1-1-4000-IT 
WS-0, 5—4-82000~IT 
WS-O, 5-1-1 000-IT 
SP-~TT-2a-400 A 
WS-0, 5~4—-30000-I 
PEW-20-3 kcilohms-I 
WS~-2—1 -20000~—L 
WS-2—4~20000—-L[ 


WS-0. 5=1- 10000- II 
an ccORET 
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68 ohms 
400 ohms 
0.27 megohm 
50 kilohns 
O.1 megohm 
10 kilohms 
150 ohms 
400 ohms 
0.27 megohm 
30 kilohms 
O.1 megohm 
10 kilohms 
2e4. kilohms 
47 kilohms 
4.7 kilohms 
4.7 kilohms 
3-3 kilohms 
510 ohms 
5 kilohms 
5 kilchms 
4.7 kilohms 
4.7 kilohns 
47 kilohms 
2.4 kilohms 
2 kilohms 
0.2 megohm 
400 ohms 
8,2 kilchms 
8.2 kilohms 
100 ohms 
20 kilohms 
4.7 kilchms 
22 kiichms 
22 kilohms 
4.70 chms 
2.2 kilohns 
0,2 megohm 
45 kilohms 
15 kilohms 
4 kilohm 
1 kiliohm 
4 kilohm 
4 kilohm 
0,51 megchm 
0.91 megohm 


48 kilohms 


0.91 megohm 
40 kilohms 
O.1 megohm 
Oot 5 me gohm 
0,1 megohm 
0.2 megohm 
4 kilohm 

82 kilohms 
4 kilohn 
400 kilohms 
30 kilohms 
3 kilohms 
20 kilohms 
20 kilohms 
10 kilohms 
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SEDHEI 


“RI-62° Ls Resistor WS-0O, 5-1-1 Q000~IT 40 kilohms 
R7-63 Resistor SP-II-2a-2200 A 2.2 megohms 
R7~64. | Resistor WS-0, 5-1-2,0~-1 2 megohms 
R765 Resistor WS~0, 5=1-56000~II 56 killohms 

@ R7-66 Resistor WS-0, 5-1-1000-II 4 kkilohm 
R7-67 Resistor WS-O, 5=1-540-II 510 ohms 
R7-68 Resistor WS-0. 5-1~30000-I 30 kilohms 
R7-69 Resistor WS-O, 5=1-5i10-IT 540 ohms 
R7-70 Resistor WS-O, 5-1-1000-IT 4 kilohm 
R771 Resistor WS-0, 5-1-82000-IT 82 kilohms 
R/-72 Resistor WS-0O, 5-1~82000~-IT 82 kilchms 
R7=73 Resistor WS~0, 5-1-1, 2-17 1.2 megohm 
R77. Resistor WS+0, 5-1-0,1-I1 0.1 megohn 
R7-75 Resistor WS-2—+1-82000-IT 82 kilohms 
R7~76 Resistor WS—2~1 ~82000-IT 82 kilohms 
R/-77 Resistor WSO, 5-1-1000-IT 1 kilohn 
R7-78 Resistor WS-O, 5~-1-—1000-IT 4 kilohm 
R7-79 Resistor WS--0, 5-1-0,1-II | 0,1 megohm 
R7-89 Resistor EP-~LI-2a-100 A 400 kiiohms 
R7-84 Resistor WS-0,5-1-0,1-II O.1 megohm 

e& R7~82 Resistor WS-O, 51-1, 2-IT 1.2 megohm 
R7~83 Resistor WS-0O, 5-1-0,1-I1 0.1 megohm 
R7~8h. Resistor WS-0, 5-1-39000-~IT 39 kilchms 
| R7-85 Resistor WS-O, 5-1-75000-I 75 kilohms 
R7~86 Resistor SP-IT-2a-.7 A 47 kilohms 
R7-87 Resistor WS-0,5-1-1,2~-I1 4,2 kilchm 
R7-88 Resistor WS-0,5-1-0.43-1 0.4.3 megohm 
R7-89 Resistor WS-0, 5-1-3000~-I 3 kilohms 
R7-90 Resistor WS-O, 5-1~3000-1I 4 kilohms 

@ R7~91 Resistor WS-0, 5<1-1,8—-I1 1.8 megohm 

R7~-92 Resistor WS-0, 5=1-1,8-I1 1.8 megohm 
R7-93 Resistor SP—~II-2a-1000 A 4 megohm 

R7-94. Resistor WS~O, 5-1—4000-IT 1 kilohm 
R7-95 Resistor WS-0,.5-1-1.2-I1 41.2 megohm 
R796 Resistor PEW-20-—3 kilohms-I 5 kilchms 
R7-97 Resistor WSO, 5-1-51—I1L 54 ohms 
R7-98 | Resistor WS-O, 5—1-51-IT 54 ohms 
R7-99 Resistor SP-I-2a~-i0 A 13 1 10 kilohms 
C71 Capacitor KBG-MP~5) ~600-2x0, 1-ITL Oo1 uF 

© C7-2 Capacitor KS0~-5~—500~W~3000~—I 3000 pF 
C7-3 Capacitor KS0-5-500-W-3000-I 3000 pF 
C7-5 Capacitor KS0-2-500-W-510-I 510 pF 
C7-6 Capacitor KS0~2—500-W-510—I 510 pF 
Cl~7 Capacitor KSO-2-500~W~510-L 5iO pF 
C7-8 Capacitor KS0-2~500—W-510—T 510 pF 
C7-9 Capacitor KS0-2-500~l/~51 O~L 510 pF 
C7-10 Capacitor KS0-2-500~W-51C-L 510 pF 
C744 Capacitor KS0-2-500-W-510-I (| 510 pF 
C7-12 Capacitor KS0-2-500-W-510-I 510 pF 
C7-13 Capacitor KS0~2-500~W-510—I 510 pF 
C7— 414 Capacitor KBG—~MP~3N-600-2x0, 1-II Oo1 uF 
C715 Canacitor KS0~5-500-W-3000~I 3000 pF 
C7-16 Capacitor KS0-5~5C0~W-~3000~—-L 3000 pF 

&B C7-18 Capacitor KBG~hit- -600-0, 1-IT Oo1 PF 

C7-19 Capacitor KRG-L ~600~9, 0O2—LL 0,02 LF 
C7-20 Capacitor KS0~5—500--—54{00~L 5100 pF 
C7-21 Capacitor KBG~-MP-2\7--4 000-0, 1-IT 0.1 UF 
07-22 Capacitor KBG-MP-~3¥W%-600-2x0, 1-IT O.1 UE 
C7-25 Capacitor KBG-MP-3N-600-2x0,1-IT | 0.1 LF ) 
C7-2h. Capacitor KBG-MP~3N~600-2x0,1-II O.1 UF ) 
ny or Rananitan YRO_MP_ON_GAN_A G_TTCPRMRBEY os uP 
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In one case 
with C714 


In one case 
with C7<1 


In one case 
with C7-46 
In one 

case 
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— SLUNL A 
O7-26 sds Capacitor ‘KS0-5- 500~W-5100-I {| 5100 uF 
Cl=27 Capacitor KBG-MP~2B-600--0; 5-IT ‘0.5 EF 
C7-28 Capacitor KBG-MP~2N-600-0, 25—IT 0,25 UF 
C7-29 Capacitor KBG--MP~2W-600-~0, 5-II 0.5 UF 
: @ C7-30— Capacitor KBG~I~600-0, 01~II 0,01 UF 
C7~31° . Capacitor KBG~MN~2A~200~2,0—IT 2.0 UF 
C7-32 Capacitor KBG-I-600-0,01-II 0,01 UF 
C7=33 Capacitor KBG-MP-2N~200~0, 5-IT : 0.5 WF 
C7— 3h. Capacitor KBG—MN~2A-1,00-1 ,O-II 4 WF 
C7~35 Capacitor KBG-MN~2A1.CO~-1, O~II 4 UF 
C736 Capacitor KBG-MN-3A-4.00-2x2, O-IE 2 ui ) {In one 
C7-37 Capacitor KAG-MN~3A-1.00-2x2, 0-II 2 uF ) case 
C7~38 Capacitor KSO-5~500~W-2000-I 2000 pF 
C7-39 Capacitor KBG-5~500-W-2000-I 2000 pF 
C7~4.0 Capacitor KS0-5-500-W-5100~—I 5100 pF 
C74 Capacitor KSO-5-500~W-5100-L 5100 pF 
C7-1,.2 Capacitor KBG-MN~2A-1.00-1 ,O-IT 1 LE 
C713 Capacitor KEG-MP-2W~-1000-0,1-IT 0.1 LF 
CJL. Capacitor KBG~I--600-0, 02-IT 0,02 LF 
C7~h.5 Capacitor KBG-I-600-0, 02-II 0,02 UF 
& C7-4.6 Capacitor KEG-NMP-3W-600-2x0,1-II 0.1 pF In one case 
jwith C7-22 
C77 Capacitor KBG-I-200~-0,02-IT 0,02 UF 
L7=1 Circuit 4 MA 
L7-2 Tnduction: coil 8.75 WH 
L7~3 Induction coil 8,75 WH 
L7-4. Induction coil 8, 75 BDH 
L7-5 Induction coil _ 8.75 PH 
L7-6 Induction coil 8.75 WH 
@ L7-7 Induction coil 3 8. 75 WH 
L7-8 Induction coil 8.75 pH 
L7-9 Induction cecil 8.75 pH 
L7-10 Induction coil 8.75 wi 
L7-14 Circuit 1 WH 
E7=1 Delay line 0,55 PWsec. 
K7-1 | Resonance circuit 455 ke/s 
K7-2 Resonance circuit : 4.55 ke/ s 
v7-1 Pentode 6P9 . 
V7-2 Pentode 6P9 
& V7=3 Double diode 6N6S . 
Vinh Pentode 6E35 
V7-5. Pentode 6P9 
V7-6 ; Pentode 6P9 
V7-7 Pentode 6P9 
V7-8 Double triode 6N& 
V7-9 Beamtetrede 6P3S 
V7-10 Beam tetrode 6P3S 
Vi-11 Double triode 6N8 
V7-12 Voltage stabiliser S¢3S 
V7-13 High-frequency pentode 6K3 
V7-1h. Double triode 6N8S 
Vq7-15 Double triode 6N8 
V7-16 Double tricde 6N9S 
V7-17 Double diode 6N6S 
Tr7=1 Transformer 635 V/A127 V 
@ Tr7-2 Transformer 10 V0 V 
Tr7-3 Transformer 5V,5V/Ai0V 
Tr7-4. Transformer 110 W/ 663 V3 
6.3 V 
Pp7-1 Milliammeter M-61 20 mA 
D7-1 Copper—Oxide rectifier WKW-5-3-1 
A,B a 
. QT-1 - _. | Copper-oxide bridge | tne 
CERRET 
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i ~MOEUHET 


eee eerie sehond <a 
G75 Telephone jack 
G fad Telephone jack 
wm G75 Telephone jack 
@ 7-6 Telephone jack 
G/=7 Telechone Jack 
G78 Telephone jack 
G7-9 Telephone jack 
G7-10 Telephone jack 
G7=i1 Telephone jack 
awi=i Knife-type connector 1O-contact 
Zw H2 Knife-mtype comector 4{0-contact 
Zw7?-3 High-frequency connector {~point ~ 
Zw fo). High-frequency connector {=peint 
Zmin5..... 3 Highefrequency connector... 4. 1-point. ge ates Soe 


Plan Position Indicator System and Power Packs of Range Measuring 
| : eri Plan Position Indicator Systems 


bo 


Pian Position Indicator System 








Resistor WS-0,25-1-0,22-IT 0,22 megohms 
Ri1-2 | Resistor WS+2—1-0,4<IT 0,1 msgohm 
| R14~3 Resistor WSO, 25=1-0, 22—I1 0.22 megohm 
Ri 1-4. Resistor W5<2~-1-0, 22-IT , 0.22 megohm 
R115 Resistor SP=II-2a~1.70 A 470 kilohms 
R11#6 Resistor WS-2—4—10000-II 10 kilchnus 
Rite] Resistor WS=0, 5=4 =, feIL bo 7 megohms 
R11-8 | Resistor WS--2—4—-22000-II 22 kilohms 
— @ Rit-9 Resistor WS-2-1=40000-II 10 kiichms 
R1i1-10 Resistor WS-2—1 -22000—II 22 kilohms 
Ri1=11 Resistor P0«10-3000 & 10% 3 kilchms 
Rite412 Resistor WS-2=1—l.o 7-IT 4.7 megohms 
Ri 1-13 Resistor WS-2--4-—40000-I1L 10 kilohms 
R111. Resistor W5<«2=1-39000~IL 39 kiichms 
R1i1-15 Resistor WS2—1 ~59000—IL 39 kilohins 
Ri1-16 Resistoz SP-II~2a-~100 A 400 kilohms 
Ri1-17 Resistor W-0, 25=1 =| 00-IT 100 ohms 
R11-18 Resistor WS+0,.5=-1—1,0-IT 4 megohm 
@ R119 Resistor SP=I[I-2a-4.70 A 4.70 kilohms 
Ri1i-20 Resistor WS-0, 25-1-—400-IT 100 ohms 
R1124 Resistor WS-2-i-0,1-II 0.1 méegohm 
R1i1=-22 1 Resistor WS-0, 25-1~2700-II 2.7 kilchms 
R11~-23 Resistor SP-1I-2a-4.70 A 4.70. ki.Llohms 
Ri1-24, Resistor P0-10-3000 + 10% _3 kilohms 
R11~25 Resistor P0-10=3000 + 4 of 3 kilohms 
R11—26 Resistor WS-2—1-3900—I1 3.9 kilohms 
Ri1-27 Resistor WS--0, 5-1-5,4-I1L . 5.1 megohms 
R11-28 Resistor WS-2~1-0,12<II 0.12 megohm 
R11-29 Register SP~II~2a—~22 A415 1 22 kilcohms 
R11-30 Resistor WS-2—4-10000~II 10 kilchms 
R11-31 Resistor WS-2=1—1O000-IL 10 kilohms 
R11=32 Resistor W~2-1d.9 7-LI 4.7 megohins 
R11-33 Resistor WS-2—4~-4 2000<-IL 42 kilohns 
© R11—-34. Resistor WS~2--| | Q000-IT , 10 kilchms 
R171-35 Resistor SPeie2al..7 A113 1 eo 7 kilohms 
R11-36 Resistor WS=2—|-2200=I1 2.2 kilohms 
R11-37 Resister WS.2—1—45000-IL 16 kilohms 
R11-38 Resistor WS=-2-1-]6000-II 16 kilchms 
R1i1-39 Resistor WS-2=1~16000-IL 16 kilchms 
R11-4.0 Resistor WS<$1-1~1500~IT | 4.5 kilohm 
R11-41 | Resistor WS=0, 5-1-1,0<IT 1 megohm 
 R4-42 ..... 4 Resistor WS--0, 25-1-0,18-IL CCP R EY. | 0.18 megohms_ 
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‘ ; tab. 8 


eye 


Rik 
R11=1.5 
R11-4.6 

@ Rit—1.7 
R11-4.8 
R11-.9 
R11-50 
R11-514 
R11-52 
Ri41=53 
R11—54. 
R14-55 
R11-56 
R11-57 
R1V4-58 
R11-59 


R11—60 
R11~64 
R11-62 
C1i-1 
C11—2 
C113 
C1 1d, 
C115 
Ci1=6 
C1i-7 
@ C1i1-8 
011-9 
011-10 
O11—11 
C1412 
C1113 
C11-14 
C11=15 
Ci1-16 
C141-17 
C1i1-18 
C11=19 
0411-20 
C141=21 
C141-22 
011~23 
C11-2h, 
C1125 


011-26 
011-27 
C11-28 
L11=1 


111-2 


Vite 

FAda2 
ViiH3 
Vti-k 
VtieN5 
V11-6 
V11-7 
vii-8 
Vii-9 
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Resistor WS-0,5-1-1,0-IT 
Resistor WS-1<1-{000-IT 

Resistox WS-0O, 25-1~27000-II 
Resistor WS-0, 25=1=5100-II 
Resistor SP=I-2a-{00 A131 
Resistor WS=2=1-39008IT 

Resistor W~2—1-3900-IT 
Potentiometer 10 kilohms + 15%, 4 W 
Resistor WS=1=-1-6800-IT 
Potentiometer 30 ohms + 10%, 25 W 
Resistor W-2=1~0, {=IL 

Resistor We~0, 3-1-0,.1—IT 

Resistor WS-0, 5-1-1, 5-11 

Resistor WS-0, 5-1-0, 22-IT 
Resistor, WS-0, 5-1-1, 0-I1f 
Resistor WS-1-1-5600-II 


Resistor WS-2-1~20000-I 


Resistor WS=-2-1-1200-I1L 
Resistor WS-2-1-1200-I1 
Resistor WS-0, 5-1 -/.7000~IT 
Capacitor KSO0-2~500=A=-1000~IT 
Capacitor KSO-2~500-A-4000-IT 
Capacitor KS0-2-500~A=1000—8IT _ 
Capacitor KTK~1-D-51-1 
Capacitor KS0Q—2—500~W-510-I 
Capacitor KS0=8-1000-A~10000~IT 
Capacitor KBG-NMN-2A-4.00~2, O~IT 
Capacitor KSO0-2~500—A—1 000~IT 
Capacitor KSO0~8~1000-A-8200~-IT 
Capacitor KBG-MP~2B~1 000-0, 1-IT 
Capacitor KSO0-8—1000-A~1 000O~IT 
Capacitor KTK-1~D-51-I 
Capacitor KTK-3-M+130-L 


| Capacitor KBG-MP-2N-i000-0,1-IT 


Capacitor KTK~1-D~24—IT 
Capacitor KIK-1-D-51~I 
Capacitor KS0-8-~1 000~A~1 OO000-IT 
Capacitor KS0-5-500~A~5100~L 
Capacitor KBG--MP~2B-600~1.O-II 
Capacitor KS0--8--1000~-A-4 0000-IT 
Capacitor KSO-2-500-A-1000~IT 
Capacitor KBG-lMP-2B-690~1.,0-IT 
Capacitor KBG-MP~-2B--600-0, 5-IT 
Capacitor KBG-MN~2A-1.00--1,O-IT 
Capacitor KBG-1-?+ 450 = M 

10 
Capacitor KBG-I~200--0,02=IT 
Capacitor KBG-MP--2B-600-0, 5-IT 
Capacitor KBG-MP-2B-600-0, 5-IT 
Focusing coil , 


Defiecting coil 


Devble triode 6NES 
Doubie tricde 6NGS 
Doubie triode 6N5S 
Beam tetrode 6P3S 
Double triode 6N8S 
Double triode 6N8S 
Double triode 6N&S 
Double tricde é6N&S 


Cathode-ray tube 181235 _ SECRET 


1 kilohm 
27 kilohnms 
5e1 kilohms 
100 kilohms 
309 kilohms 
3.9 kilohms 
{0 kilohms 
6.8 kilohnms 
30 ohms 

0.1 megohm 
0.1 megohm 
1.5 megohm 
0, 22 megohm 
1 megohm 
5.6 kilohms 
20 kilohms 


1.2 kilohms 
4.2 kilohms 
47 kilohms . 
1000 pF 
1000 pF 
1000 pF 

51 pF 

510 pF 
40000 pF 
2.0 uF 
1000 pF 
8200 pF 

O51 ps 
40000 pF 

51 pF 

4130 pF. 
Oo1 PF 

zk. pF 

51 pF 
{0000 pF 
5109 pr 
1.0 UF 
40000 pF 
4000 pF 

1 pF 

0.5 DF 

1 UF 

10 UF 


0,02 PF 
0.5 WE 
0.5 UF 
7750 ohms 
= 40% 
320 ohms 
£ 40% 





Selected when 
tuning 5.1 to 


20 kilcohms, 





ee ee 
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Vi4-10 | Voltage stabiliser SG4S | 
V1i-11 High-frequency pentode 628 
Vi1—912 Beam tetrode 6P3S 
Z14—4 Lamp MNw=1) . 653 V30.25 A 
211-2 Lamp MN~‘4d. 603 V30.25 A 
214193 Lamy MNe-4), 6.3 V30.25 A 
ZA 1-4 Lamp MN=14. 603 V30,25 A 
Mit=4 Selsyn 85-405, class IT 
M1i1-2 Motor 2ASM-50 20 V 
Gili-4 Telephone jack 
G11=2 Telephone jack 
Gii-3 Telephone jack 
G1 4 mdp Telephone jack 
Gi1-5 Telephone jack 
G11+6 Telephone jack 
G11-7 | Telephone jack 
awi4~ Knife-=type connector 10=contact 
Zwi4—2 Knife=type connector 16-contact 
Zwi1~3 High-frequency connector 41-point 
awiiW-k Connector . Ps 1 4-point 
@ Power Pack of Range Measuring and Plan Position Indicator Systems 
R5-1 | Resistor WS-2~1~39000~II 39 kilohms 
R5—2 Resistor WS—2—1--39000-IT 39 kilohms 
R5~3 Resistor WS-2-1-39000-IT 39 kilohms 
R5al:. Resistor WS<2~1-39000-IT 39 kilohms 
R5=5 Resistor WS~-2-0, 27=—L 0,27 megohm 
R56 Resistor WS-2-0, 27-1 O.e27 megohm 
R5-7 Resistor WS-2-0, 27-1 0,27 megohm 
R5=8 Resistor WS~2=0, 27-L 0.27 megohm 
R5-9 Resistor WS-2=0, 27~I 0,27 megohm 
R5-10 Resistor W-2-0, 27-1 0.27 megohm 
R5—114 Resistor WS~2-0, 27-1 0,27 megohm 
R5=12 Resistor W-2-0, 27-1 0,27 megohm 
R5=-13 Resistor WS-2-1-0,1-1 Oot megohm 
R5—1. Resistor WS-1=1-0, 33=1L 0.33 megohm 
R5-15 Resistor WS-2=1-0,16=1 0.16 megohm 
R5-16 Resistor WS-1~-1~-10000~I 40 kilohms 
R5=17 Resistor W-1-i-%10000-I 10 kilohms 
R5-18 Resistor €P=II-2a-1.7 A 4.7 kilohms 
R5~25 Resistor WSO, S=1~4 500-1 1.5 kilohmn 
R5~26 Resistor WS-0, 5=1 1 500—1 1.65 kilohm 
R5~27 Resistor WS-0, 5=4-150C~L . 1.5 kilohm 
R5=28 Resistor WS-G, 5=1-1500—I 465 kilohm 
R5-29 Resistor WS~2=4-39000—IL 39 kilohms 
R5-30 Resistor WS-2=1-0.1-I O.1 megohm 
R531 Resistor WS-2—1=39000~-I1 39 kilohms 
R5-32 Resistor WS.21-39000-IT 49 kilohms 
R5=33 Resistor SP-II-2a-).7 A 47 kilohms 
RE—3), Resistor WS=2=1-39000~IT 39 kilohms 
R5=35 Resistor WS-2=1-0,12=1 0.12 megohm 
R5-36 Resistor WS<{-1~10000-I 40 kilohms 
R5~37 Resistor WS+1=-1-36000-I1 36 kilohms 
R5~38 Resistor WS—1-1-36000-IT 36 kilohms 
@ 25-39 Resistor WS+i-1-36000-II 36 kilohms 
R5-4.0 Resistor WS-1—1~-%36000-I1I 36 kilohms 
R5~L.4 Resistor WS=4 =| —%6000~IL 36 kilohms 
R5-l.2 Resistor WS~-1=1—-36000-IT 36 kilohms 
R5=L.3 Resistor WS~1=1-36000~-IT 36 kilohms 
R5-h2p Resistor WS-1-1~-36000-II 36 kilohms 
Rod 5 Resistor WS=1—1-36000-II 36. kilohms 
R5--2.6 | Resistor 36. kilohms i 


WS-1 1 -36000~IT SECRET 
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if 


ges ae 


R5H1.S 
R5-50 
R5=54 
a R5-52 
R5-53 
R5~5d. 
R5-55 
R5-56 
R5-57 
R5~58 
R5-59 
R5-60 
R5-61 
R5-62 
R5-63 
R5-64, 
R5-65 


C5=4 
C5-2 
C5=3 
C5. 


Ch-3 


C5~6 
C5-7 
C5-8 
C5=10 
C5=14 
05-12 
C513 
V5~1 
V5-2 
V5-3 
V5~4 
V5-5 
V5—6 
V5-7 
V5-8 
V5-9 
V5=10 
V5—11 
V5-12 
Tr5—1 


Tr5—2 
Tr5=3 


Di5=1 
WH 
W5=2 
W5=3 
Zw5~1 
Zw5-2 
Zw5-=3 


Zw5-). 


Pp5=1 
BD5=4 
B5-2 
Bb=3 
Bowd. 


. é 
errr reece | een ee ee en AR LO TRNAS AA AQAA A I A I Oc 


| 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


WS-1-1~36000-II 





“ULUILS 


WS—4 ~1 -36000-II 
WS—1-1-0, 56-I1 
WS—4-1-0, 56-IT 
NS=1-1-0, 561 
WS-1-1-0, 56-II 
WS-1 1-0, 56-II 
WS-1-1~-0, 56—I1 
WS=1-1-0, 56411 
WS-1-1~0, 56-11 
WS—1—-1-0, 56=IT 


WS-1+1-0, 56-II 


WS=1-1+0, 56-II 
WS—1 44 ~0, 56-11 
PEW-30~-3000-IL 
WS-O. 5~1-4.7000-II 
WS—4 ~4-4000-IT 
R~102 


Capacitor KBG-~P-2~3-0,1-II 
Canacitor KBG-~P-2~3-0, 1-i1 
Capacitor KBG~P-2-3-0, 1—IT 
Capacitor KBG~MP--2W~600-~0, 25~IT 
Capacitor KBG—MP-2W-€00-0, 25—II | 
Capacitor KBG-MN-2A-1000~2, O~IT 
Capacitor KBG-NMN-2A-—1000~2, O~IT 
Capacitor KBG—MP-2W-~600-0, 25~IT 
Capacitor KBG-MP~2W-1.00-0, 25-IT 
Capacitor KBG--MP--2W-600—1 , O-IT 
Capacitor RL-~7.5-0.1 = 10%. 
Cepacitor RL-7,5-0.1 = 10% 


Kenotron 
Kenotron 
Kenotron 


2028 
5038 
5038 


Transmitting pentode GU-50 
Transinitting pentode GU-50 
Trensmitting pentode GU-50 
Transmitting pentode GU-50 
Pentode 6P9 

Voltage stabiliser 5G3S 


Kenotron 


Wi-0, 02/20 


Kenotron 5638 
Neon lamp MN-3 © 
Transformer 


Transformer 


Transformer 


Choke 
Multiple 


switch PK-2=10 


Double-—pole switch 
Double-pole switch 
High-voltage connector 
Connector (socket) 
Connestor (plug) 
Connector 
Voltmeter M52 


Fuse 
Fuse 
Fuse 
Fuse 


—-SECRET 


36 kilohms — 


36 kilohms 
0.56 megohm 
0.56 megohm 
0.56 megohm 
0.56 megohm 
0.56 megohm 
0,56 megohm 
0.56 megohm 
0.56 megohm 
0.56 megohm - 
0.56 megohm 
0.56 megohm 
0.56 megohm 
3 kilohms — 
4.7 kilohms 
4 kilohm 
120 kilohms 


Oot ur 


0.1 LF 
0.25 UF 
O25 UF 
2.0 VE 


| 2,0 PE 


0.25 pF 
0.25 WF 
1 PE 
O.1 UF 
0.1 UF 


4410/1900/1 266 


 265/605/5e/ 


635/625/b6e3 V 
4.27 o/s 
410/2x1.80 V; 
427 o/s 
410/4,600/2, 5V 
427 o/s 

4 H.600 mA 

10 A 


5 WwW 


| 16—~contact 


46-contact 
5 kv 
O «= 600 V 
10 A 
6A 
6A 


fa oasis phat 6s oe Sant ok oe 
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voc 
1 


Comes with the 
set Pp5-1 
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Pipher 


R9-2 
eo» 
C91 
C9=-2 
C9-3 
Co-y 
C9-5 
C9-6 
C9~7 
vo 
V9-2 
V9-5 
Vo-k. 
V9-5 
Z9~1 
Tr9-1 


@ | Tr9~2 


Tr9-3 
Tro~4, 
Teg-5 


One 


D 


ZW9~1 
Zw9-2 
B94 
BO-2 
B93 

_ BOM, 


R6-1 
R6-2 
R6~3 
R6—, 
R6=5 
R6-6 
R6~7 
R6-8 


' R69 


“R6-10 
R6—11 


& R612 


R6-13 
R6—14. 
R6-15 
R6-16 
R6~17 
R6-18 
. R6A19. 


eee reeeeneere rereeenraumene ttn tie RST et eT LE A A nce 
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Power Pac Pack of Range Measuring system 


Resistor We-2-1 4247000-1 —— 


Resistor WS-2=1~-4.7000~IT 
Resistor WS-2—1-),.7000-ITL 
Capacitor KBG-MP--2N-600-0, 25~IT 


Capacitor KBG-MN-2A~600-2,0-IT _ 


Capacitor KBG~-MN-2A~600—1, O-IT 
Capacitor KBG-MN~24~600-1 ,.O-II 
Capacitor KSO-5-500~B-1 000-IT 
Capacitor KS0-5--500-B-4 000-IT 
Capacitor FBG-MN-2A-200-),0-IT 
Kenotron 5C35 

Kenotron 5045 

Voltage stabiliser SG3S° 
Voltage stabiliser SG3S. 
Kenotron 5C3S 

Filament lamp MN-15 
Transformer 


Transformer 
Transformer 
Transformer 
Transformer 


Choke 
Choke 
Knife~type connector 
Knife-type connector 
Fase 
Fuse 
Fuse 


Use ae 


Antenna Positioning System 


Automatis Tracking Unit 


Resistor WS-2-1-0,1-1 
Pesistor W~2~1-33000-I 
Resistor WS-1-1-0,1-IT 
Resistor WS-O, 5~1-56C0-L 
Resistor WS-0, 25=1-5100-I 
Resistor SP-~IT-2a-1000 A 
Resistor WS-2-~1-36000-I 
Resistor SP-ITI—~. C an oon 13 1 
2 


| Resistor SP~ITI—. a- 22241431 


2 220 
Resistor WS-1-1-1.7000~II 
Resistor WS-1-1-47000~II 
Potentiometer , wire-wound , 

500 ohma + 40% 3 W 

Resistor WS+1=-1~-11000-IT 
Resistor SF-II-2a-5300 A 
Resistor WS=1-1-11000-IT 
Resistor WS~-2—1-51000~—I 
Resistor WS-2—1~51000-L 
Resistor WS-2-1-39000-I1 


Resistor WS-2-1~39000-II SECRET 
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| 4.7 kilohms 


4.7 kilohms 
47 kilchms 
0.25 wF 
2,0 LF 
1.0 pF 
1,0 LF 
4000 pF 
4000 pF 
4.0 LF 


663 V30,28 A 
440/23,50/ 
6.3/5 V; 

4.27 Bia: 
110/2x410/5 V3 
4.27 o/s 


| 440/410 V3_ 


50 c/s 
110/20 V; 

50 c/s 
200/20 V; 

50 «/s 

5H, 200 mA 
41.5 H. 30 mA 
46-contact 
10-contact 
5A 


5A 
5A 
DAL. 


O41 megohm 


33 kilohms 
0.1 megohm 
5.6 kilohms 
5.1 kilohms 
1 kilohm 

36 kilohms 
220 kilohms 


_ 220 kilohms 


4.7 kilohms 
4.7 kilohms 
500 ohms 


141 kilohms 
35 kilohms 
11 xilohms 
51 kilohms 
51 kilohms 
39 kilohms 
39 kilohms | 
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R6~24 
R6~22 
@-> 
6=4 
C62 
C63 
C6—4. 
R6=5 
R6-5 
R6=7 
R68 
R6~9 
R6-10 
V6=1 
V6=2 
V6=3 
V6~y 
V6-5 
V6-6 
26-7 
26-8 
Tr6~1 


Tr6-2 
Tr6—3 
D26-1 


pa geg Hors 


R10-2 
R10-3 
R10—4. 
R10-5 
R10-6 
R10—7 
R10-8 


R10-9 

R10-10 
R10~1 1 
R10-12 


Resistor SP-II-2a-2,2 A 


~ “"SEUREL 
Resistor WS-2-1~39000-IT | 
Resistor WS-2-1-39000-IT 
Resistor WS~2-1~-20000~I 
Resistor WS~2-1-20000~I 
Capacitor KBG-MN~24-600-2, O--IT. 
Capacitor KBG—MN~2A~600—).. O~1T 
Capacitor KBG-MN-2A~600-4 OL 
Capacitor KSO~10-2000-B~j O0C00-IT 
Capacitor BM-S20-600-10 UF + 10% 
Capacitor KBG-MN-2A~-600—|, O-II 
Capacitor KBG-MN-~2A-~600-1,O~IT 
Capacitor KBG-MN-3A-600~2x2, O-~IT 
Capacitor KBC-MN~3A-600-2x2, O-IT 
Capacitor BM-S20-600-10 jFr-II 
Kenotron 5C35 
Double diode 6H6S 
High-frequency pentode 6K3 
Double triode 6N85 
Voltage stabiliser SG3S 
Neon lamp UN~3 
Filament lamp MN-15 
Filament lamp MN-15 
Transformer 


Transformer 
Transformer 

Choke 

Double-pole switch 
Milliammeter M-61 
Double-pole relay 
Selsyn SS-4.0)., class I 
Selsyn SS-.0,, class I 
Fuse 

Fuse 

Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack . 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Knife-type connector 
Knife-type connector 
High-frequency knife-type connector 
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| 39 Cee ee 


39 kilchms 
20 kilohms 
20 kilohms 
220 LF 
4.0 pF 
oO WE 
40000 pF 
{OF 

1 UF 

1 pF 

2 pF 

2 uF 

10 UF 


6.3 V 

6.3 V 
140V/81 OV/ 
66 3V/5 V3 
427 o/s 
110V/5. 5V 
50 c/s 


4. Hs 220 mA 


2 A; 250V 
20 mA 


110 V3 50 o/s 
440 V3 50 o/s 
410 V3 50 o/s 


5A 


/ 


46~contact 
16~contact 


4 {4-point salts fest 


Agimuth and Elevation Tracking Unit 


‘Resistor WS-0, 5-1-1,0-IT 


Resistor WS-9, 5-1-1.0-I1 
Resistor WS-0, 5-1-1,.0-I1 
Resistor WS~0O, 5-1-1,0-IT 
Resistor WS~2—1-20000~-I 
Resistor WS-2-4~20000-L 
Resistor WS~-0,5-1-0,1-I 
Potentiometer, wirs-wound, 25 W, 
4000 ohms = 10% 
Resistor WS-0, 5~1-0,1-1 
Resistor WS-2-1-13000~I 
Resistor WS~-2-1-43000-I 


SECRET 


> 





mec = ead 


4 

4 megchm 

1 megohm 

4 megohm 
20 kilohms 
20 kilohms 
400 kilohms 
4 kilohm 


400 kilohms 
' 43 kilohms 
| 43 icLlohms 

2,2 kilohms 
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SCURLE 
RI0=43 “Resistor PO~30-25 kilohms + F% | “| 25 kilohms — 
PAO, Resistor SP-IV-ta~ 8 A 2,2 kilohms 
a e 
R10-15 Resistor SP-Tv-5a- 202 A 2,2 kilohms 
a 
10=16 Resistor WS—-2=1~2200-I 2.2 kilohms 
R10-17 Resistor PO-{j0-1000 ohms + 4 O% _4 kilohm 
R10~18 Resistor WS-0. 5-1-0, 51-2 0.51 megohm 
R10=19 Resistor WS=-2=1~3600-I 346 kilohms 
R10#20 Resistor WS-0, 5-1<0,1-L 100 kilohms 
RiQ—21 Resistor WS=0, 5=1-0,1=L {00 kilchms 
R10—22 Resistor We-2-4-10000~I 40 kilonms 
R10=23 Resistor WS-1-1-0,.4.7-I 04-7 megohm 
R10~2). Resistor SP-I-2a-.70 A131 4.70 kilohms 
R10=25 ‘Resistor WS-0, 5-1-100-IT 400 ohms 
R10~26 Resistor WS-O, 5-1-100~IT 100 ohms 
R10=27 Resistor WS~2-1-10000-I 10 kilohms 
R10=28 Resistor WS~2-4~+4{0000~I 10 kilohms 
R10=29 Resistor WS-2-1~-10G00~-I 40 kilohms 
R10=30 Resistor WS«2—1-40000-L 10 kilohms 
R1 0-31 Resistor WS-i-1-1,0-I1 ‘| megohm 
R1i0=32 Resistor WS-1-1-1,0-IT 41 megohm 
R10—-33 Resistor SPII~2a-l.7 A 47. kilohms 
R1O- 3d, Resistor WS-2-1-6200~I 6,2 kilohms 
R10-=35 Resistor WS-2~4-13000=I 413 kilonms 
R10~46 Resistor WS-2-1-13000-L 43 kilohms 
R10—~37 Resistor WS~2—1-—3600-I 36 kilohms 
R10~38 Resistor WS-2-4-/.70-I1 4.70 ohms 
R10=39 Resistor WS-2—1-1.70-IL 4.70 ohms 
R1O#1,.0 Resistor WS-2—1-4700-I1 ho 7 kilchms 
R10-d.4 Resistor WS-2—4-1.700~IT 4.7 kilohms 
R10-51 Resistor WS-O, 5=1=-1,0-I1 4 megohm 
R10#52 Resistor WS-0, 5-1-1,0-I1 ‘4 megohm 
Ri0-53 Resistor WS-0, 5-1-1,0-I1 1 megohm 
R1O-5), Resistor WS-0,5-1-1.0~IT 1 megohm 
R10=55 Resistor WS~2—{-20000-I 20 kilohms 
R1 0-56 Resistor WS~2-1-20000-T 20 kilohms 
R10-57 Resistor WS+0, 5-1-0, 1<1 100 kilohms 
R10-58 Potenticmeter, wire-wound, 25 W, 4 kilohm 
@ 4000 ohms + 10% 
Ri 0-59 Resistor WS-0, 51-0, i-I 400 kilohms 
R10-60 Resistor WS-2-1-1 3000-1 13 kilohns 
R10-64 Resistor WS-2—1-13000~-I 43 kilohms 
R10-62 Pesistor SP-II-2a-2,2 A 2.2 kilohms 
R10~67 Resistor PO-10-1000 + 1% 1 kilohm 
R10~68 Resistor WS-0, 5=1-0. 54-1 0.51 megohm 
R10-69 Resistor WS-2—1=3600=-1 3,6 kilohms 
R1i0-70 Resistor WSO, 5=<1-0,1-I 100 kilohms 
R1i0~71 Resistor WS-O, 5-1-0,.1-I 400 kilohms 
R10-72 / Resistor WS-2~1-7{0000-I 40 kilohms 
R10~73 Resistor WS-1-1-0.47=1 4.70 kilohms 
Ri0~7i Resistor SP=I-Za-4.70 A 131 4.70 kilohms 
R10-75 Resistor WS~0, 5<4-100-IT 400 ohms 
Ri0~76 Resistor WS--O,5=1-4100-IT 4100 ohms 
R10-77 Resistor W-2~—1~10000=I 40 kilohms 
; R10-78 Resistor WS~2—4-4 0000-1 40 kilohms 
R10-79 Resistor W-2=1-{ 0000-1 10 kilohms 
R10-80 Resisvor WS-2-1-10000~I 40 kilohms 
R10--84 Resistor WS-{-1~1,0~IT 4. megohm 
R10~82 Resistor WS-1~1-1,0-I1 4 megohm 
R10—G4. Resistor WS=+2~1-6200~I 6,2 kilohms 
R10~85 Resistor WS-2—1=13000—I 43 kilohms 
R10-86 Resistor WS-2-1~13000~I » SECRET | 43 kilohms 
RANT ! Rasiator WS-2—1-3600-L 3.6 kilohms 
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“R10~88 
R10-9 
C104 
C10~2 
C10-3 
r 010—l,. 
C105 
C106 
C10~54 
C10-52 
C41 0-5), 
C10—55 
C10-56 
Vi0=4 
V10—2 
V10-3 
VA0~dp, 
V10-5 
V10—6 
Vi0-7 
V10-8 
Vi0-9 
Vi0-51 
. V10-52 
V10--53 
V10—5,. 
Vi0-55 
V10-~56 
V10-57 
Vi0~58 
V10=59 
Tr10—4 
~ Tr 0-54 
DL10—1 
D1 0-2 
DL10—-3 
D210-51 
DL10—52 
D210~53 
Wio—1 
Pp10-4 
Pp1i0—2 
P10—1 
P1i0-2 
G10—4 
G10~2 
G10—3 
G10~d, 
G10-5 
G10—6 
10-7 
G10-11 
G10~12 
G10—1 3 
G10—1, 
, GIO-51 
G1I0-52 
G10-53 
G10—5), 
G10-55 


G10-56 . 


G10-57 
Zwi0—4 
_ Zwi0~2 . 


Resistor WS~-2—1-/,70—II 
Resistor WS-2=1—4.70—IT 


Capacitor KBG--MP~3W-~600~2x0, 1-IT 
Capacitor RBG-MP-5W-600-2x0, 1-LT 
Capacitor BM~P-8-. UF & 10% 600 V 
Capacitor KBG-MP-2W~600~4 .O-IT 
Capacitor BM-P-8-). UF + 10% 600 V 
Capacitor KBG-~MP-2W~600~0O, 5~II 
Capacitor KBG-MP~3W-600-2x0, 1-II 
Capacitor KBG-MP~3W-600~2x0,1~-IT 
Capacitor KBG-MP-2W-~600-1 .0-IT 
Capacitor RM-P~8- UF + 10% 600 V 
Capacitor KBG~MP-2W=-600-0. 5-11 


Double tricde 6N65 
Double triode 6N8S 
Double tricde 6N8S 
Beam tetrode 6P3S 
Beam tetrode 6P3S 
Double triode 6N&S 
Double triode 6N8S 
Double triode 6N6S 


Double tricde 6N9S - 


Double triode 46N9S 
Double tricde éN9S 
Double triode 6N9S 
Ream tetrode 6P3S 

Beam tetrode 6P3S 

Double triode 6NES 
Double triode 6N38S 


Double dicde 6X6S © 


Touble triode 6N9S 
Transformer 
Transformer 

Choke 

Choke 

Choke 

Choke 

Choke 

Choke 

Rotary switch 3P6N 
Milliammeter M-52 
Milliammeter M+52 
Relay 

Relay 

Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephcne jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 
Telephone jack 


Knife-type connector 
Knife-type connector 


SEGREL 


| 470 ohms 
4.70 ohms 
0.1 PE 
0.1 WF 
1 uF 

1 uF 

lL. UF 

O25 WF 
O21 pF 
0.1 pF 
1 WF 
UP 

0.5 UF 


1V/20V 350 c/s 
4V/15V 350 o/s 
2000 H 

2000 H 

49000 H 

2000 H 

2000 H 

19000 H 


50 mA 
50 mA 

1410 V; 50 c/s 
410 V3 50 o/s 


22-contact 


| 22—contact 


i 
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| 7 
C1 2-54 
@ C1 2-52 
Tri 2—4 
Tr4 22 
Trt 23 
Trt 2-51 
Trt 2=52 
W12—4 
Wi 2-2 
W123 


E124 
E412=54 
Wit 2—4 
M1 2~2 
MA2—3 
12-54 
M1 2—52 
Zw 24 


OWI 22. 02. 


R32—1 


R32-2 
R32-3 
R352-H-. 
R32=5 
R32—6 
R352=7 
R32-8 
R32-9 
R32~10 
R32=11 
R32—54 
R32—52 
R32—53 
032—4 
Z352—4 
Z52~2 
W32—4 
W32—54 
W32—52 
P32—1 
P32=2 
P32—35 
P32-h. 
P32—5 
M3Q—4 
M32—2 
M32=3 
M32—/. 
M32—5 
M32—6 
M32—7 
M32—51 
M32—52 
M32~53 
M32—5h. 


ee eek 


eet ee 


, 


Antenna ( Control Unit 


Capacitor KBG-MN-2A~200~l,0-II 
Capacitor KRG~MN~2A-200-4.,O—IT 
Capacitor KBG~MN-2A-200-6,0-IT 
Trensformer 
Transformer 
Transformer 


Transformer 
Transformer 
Switch 3P9N 
Double--pole switch 
Dovble-pole switch 


Interlocking relay 
Interlocking relay 
Selsyn SS-4.05, class IT 
Motor ASM-4.00 

Motor ASM-50 

Selsyn SS-4.05, class IT 
Motor ASM-50 

Connector 

Connector 


Antenna Pedestal 


‘Resistor, wire-wound, 0.8 ohms, 6 A 
Resistor, wire-wound, 0.8 ohms, 6 A 
2siistor WS-2-1-10000~-IT 

Resistor WS-2-4-10000~IL 

Resistor, tubular, [TI-500 ohms 
Resistor, wire-wound, 51 chms 
Resistor, wire-wound, 51 ohms n 
Resistor WS-2-1-10000-IT 
Resistor WS-2~1-10000~-IT 
Potentiometer 1000 ohms 
| Resistor WS-2—1 lp 700—IT 
Resistor, wire-wound, 0.8 ohms, 
Resistor, wire-wound, 0,8 chms , 
Resistor, tubular, TIT-500 ohms 
Capacitor KBG—MN-2A-200—1,, O-IT 
Filament lamp MN-15 
Incandescent lamp SM-11 
Dovble-pole switch 

Limit switch 

Limit switch 

Relay REM(10 ty 

Relay RKM(10 b 

Relay 

Relay RO-14 3-1.0 

Relay RO-4 3-91 

Selsyn DI-~511, class II 

Selsyn DI-511, class I 

Mctor MI-12 f 

Selsyn SS-4.05, class IT 

Selsyn SS-,05, ciass I 
Tachogenerator: Gi 
Motor-reference voltage generator’ set 
Selsyn DI-511, class IT 

Selsyn DI~511, class I | 


Motor MI-12 f alee SECRET 


Selsyn 85-405, 


CIA-RDP80T00246A031400010001-1 


4. WF 

i we 

6 FP 

10/265N; 50 o/s 
410/21V 350 c/s 
440/2x1 40; 


1 50 o/s 


| 1410V; 50 vs 
20V; 50 c/s 


Pd: 4 
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10/25 513 50 o/s 
110/21V 350 we 


Not in the 
tstations of the 
|first series. 
410V; 50 c/s 
110V; 50 o/s 
110V; 50 c/s 
110V; 50 c/s 
20V; 50 c/s 


16—pcint 
16-point _. 





0,8 ohms 
0.8 ohms 
40 kilohms 
10 kilohms 
500 ohms 
54 ohms 

5+ ohms 

40 kilohms 
40 kilohms 
4000 chms 
47 kilohms 
0,8 ohm 
0,8 ohm 
500 ohms 
4.0 F 

655 ¥ 


127 V 


1410 V3 50 
410 V; 50 
110 V; 50 
410 V3 50 
410 V; 50 


o/s 
o/s 
o/s 
o/s 
c/s 


44.00 rePeSe 
110 V 
1410 V 
410 V 
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M32=56 

P25 G-4 
Pa32-2 
P2523 
@ P232—), 
P23 2—5 
P232—7 
Ps 3 2-8 
PL32-9 

D32=4 
D32—2 
Zw32—1 
Zw52—4 
Gwje~2 





R66—1 
R66~2 
R66~3 
@ ve 


Tr66~1 


B66—"1 
B66-2 


re 
Lym 2 
Wd 
Why-2 
Whd.—3 
Wepdpmd. 
Wy 

m4 


@ we 


233-01 
233-02 
W33-01 
W33802 
P233-01 
P233-02 
PL33-03 
PEI33—-Qh 


P233-05 . 


P233~06 
P233-07 

$ P233-08 
P233-09 
P233-10 
Pi33-11 
P433-12 
4535-13 
P235-14 
2035-01 


Zw33-O02 . . 


Tachogenerator GT=1 
Terminal block 

Terminal block 

Terminal block 

Terminal block 

Terminal biock 

Current collector 

Terminal block 

Terminal block 

Selenium rectifier WS-4.5~-28 
Selenium rectifier WS-.5-28 
Connector with cap 
Knife~type cormector 
Kknife-type connector 


Power Fack of Drive Motor Field Winding 
[Resistor W-21-10CO0-IT 


Resistor WS-2-1~10000~-IT 
Resistor WS-2-1-10000—I1 
Kenotron 5038 
Transformer 


Fuse 
Fuse |... 


Data Transmission System 


Receiving Selsyn_ 


Filament lamp MN-15. 
| Filament lamp MN-15 


Switen 3PoN 
Double~pole switch 
Double-pole switch 
Doubie-pole switch. 
Selsyn SS-.0)., class I 
Terminal block 
Terminal blog: 


: Selsyn SS~).0., class I 


External Board 


Filament lamp - 
Filament lamp 
Swit ch. 

Swit ch 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Tecminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Terminal 
Connector 


_ Connector cECRET 


12—contact 
4 2—contact 
4 2-ecntact 
12-contact 
12-contact 
35-point 

2h—contact 
45—contact 


2~contacst 

22-contact ) |Not in the 

22-contact stations of the 
first series, 


40 kilohms 
10 kilohms 
10 Tens 


44 ee V3 
50 c¢ 

5A 

5A. 


2 A, 250 V 
2A, 250 V 

z A, 250 V 
440 VY; 50 o/s 
jetenedna) 
42—terminal 
110 V3 50 o/s 


8—blade 
16—blade 


Declassified in Part - Sanitized Copy Approved for Release 2013/09/19 : CIA- RDP80T00246A031400010001- 1 








| 


2w33—03 © 
Zw} 5h 
Zw 5-05 
Zw33—06 


@ 23 307 | 


231-2 
M31—4 
P231-1 
P231-2 
Pi31—3 
P31 -d. 
P231-5 
P231~6 
Zw31—1 
Zw31~-2 
@ Pp31-1 
Pp31-2 
W31~7 
W31-8 
W31-9 
W31—1 
W31+2 
W31-3 
W31~y 
@ 3-5 
B31—4 
B31-2 
B31—3 
B31—y 
B31-5 
B31—6 
B31~7 
B31~-8 
B31~9 
@ 3-10 
 B31-14 
B31-12 
P31i-4 
P31-2 
P31-3 
P31 
P31-5 
P31—6 


R31 


Tri 31 


. | Trt 3-2 


Tri3—3 


W13=1 
Wi 3-3 
W135 =d. 
WA 3=5 
WA 5~6 


sr DED ny. 


' Connector 


ees 


Connector 
Connector 
Connector 


| Adapter 


Sone Supply System 


Control Cabinet 


| Dial lamp MN-15 


Dial lamp MN-15 
Timer SD-2 
Terminal block 
Yerminal block 
Terminal block 
Terminal block 
Terminal block 
Terminal block 
Connector 
Comector 
Voltmeter E-4.21 
Voltmeter E-l.21 
Switch PKS3-15 
Switch PKS2~15 
Switch PKS3-15 
Start button 
Start button 
Control button 
Start button 
Start button 
Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Puse 

Fuse 

Relay (contactor) 
Relay (contactor) 
Thermal relay TRW-30.5 
Thermal relay TRW-30,.5 
Thermal relay TRW-30.5 


: Thermal relay TRW-30,5 


Control Panel 


| Resistor WS-1-1-270~II 


} Switch PK-3-10 
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Transformer 

Transformer 

Trans:oxmer 

Push-button switch KS-1-12 
Switch PK-2-10 


Switch PK~2-10 
Switch PK-3-10 


ne 
Ge 


eceBeT 
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46—blade 
1 2~blade 
16-blade 
416~blade 


3 V30.28 A 
5 NVs0728: & 


6-contact 
1-—contact 
4—contact 
4-contact 
2-contact 


10-contact 


0 = 250 V 
O=- 150 V 
220V, 15 A 
220 V, 15 A 
200V, 15 A . 
220 V, 50 o/s 


110 V,427 o/s 


25 A 

25 A 

25 A 

454 

154 

is aA 

15.8 

15 A 

5A 

5A 

15 A 

154 
220 V; 50 o/s 
220 V; 50 o/s 
30.5 A 
30.5 A 

30.5 A 


35005 A 


270 ohms 
33/2x100 V3; 
2h. o/s 
33/2%100 V; 
2h. o/s 
220V/110V; 
50 o/s 


| 
i. 
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W3=7— 
D13=i 
Di 3-2 
P1i3—4 

S P1 3-2 
PA 33 
P1 3-4. 
Pi5-5 
P43=6 
M134 
B13—1 
B13—2 
Bi 3-3 
B13~y. 
B13—5 
Bl 3-6 

- Bi3+7 
Bi13-8 
B13-9 
B1 3-10 

@  *Bi3~41 
Bi 3-12 
B13-13 
BI 344 
Pii5~4 
P21 3~2 
P21 3-3 
P21 3-4. 
PH 3-5 
P21 3-6 

© Pi13-7 
P213-9 
P213-10 
Zw 3—1 





Rotary switch 3P9N 
Selenium rectifier WS-).5-28 
Selenium restifier WS-!.5-28 
Magnetic starter MPKO-111 
Magnetic starter MPKO—1 1‘ 
Thermal relay TRW-12 
Thermal relay TRW-12 
Thermal relay TRW-12 
Thermal relay TRW-12 


Motor AOQL-21=2 
Fuse 
Fuse 
Fuse 
Fuse 
Fuse 


|, Fuse 


Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Fuse 

Terminal block 
Terminal block 
Terminal block 
Terminal block 
Terminal block 
Terminal block 
Terminal block 
Terminal block 
Terminal block 
Comector 


| 


CEPRET 


220 
220 


wo we 


<d< 


50 o/s 


mi bi PO 
<j 


ooouw 
PP Pe 


» 220 V 
A, 220V__ 


Was SAN NUNIT pp) 


5A, 220 V 
5 A, 220 V 
4— contact 
12—contact 
42-contact 
42-contact 
4 2-contact 
12~-contact 
4-contact 

42-contact 
42-—contact 
22~contact 


oe . /Synibols Lists 


46A031400010001-1 


50 o/s 


i 
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Symbols List of Components 


a | Russian Symbols | Latin Symbols | Name of Component | 












| i V Valves and Tubes 
B. N Neon Lamps _. 
ai Z Filament Lamps 
mR R Resistors 
C C Capacitors 
L. L Coils 
Lp Tr Transformers 
Ip D1 Chokes 
B W Switches, relays, buttons, interlocks 
H Pp Measuring Devices 
AB Kw Crystals 
i D Detectors and Rectifying Components 
2 P Relays and Contactors 
& if uw Electric Machines (Motors; selsyns) 
B Fp Phase Shifters 
7 T Telephones (Hard Sets) 
/ Mk Microphones 
Pu Is Spark-gaps 
A A Antennae 
TIp B Fuses 
OB Bat Batteries 
Es G Single Jacks 
@ 5 aw Plug-in Connectors ; 
@ Zk Co-axial connector (to echo box) 
Ai I Insulators 
a Z Earthings 
Ji i Terminal Blocks and Panels 
y U Permanent magnets, special systems 
and devices 
o BE Electromagnets 
Kn Pl Terminal panel (block) 
| OP Rez Echo box 
& 0 W Rotor terminals 


Be-1,, KOHT: 6 Zw2-1 Contact 6 
Comal C2-21 
Ti-i14, “out 4 |Vi-14 Contact 4 
Tp8-2, KOHT 4 | Tr3-2 Contact 4 


Ba-1 We—1 
L3-4 L3-4 
M4~—2 W4-2 
T6—1 C6—1 
Ip6—4 - D16é-1 
8-13A  Rb-13A 
8-15 R8~-13B 
Hn25-1, KOHT 3 | P125-1 Contact 3 
OM - Ohm 
Kom Kilohn 
2 Mrom Megohm 
P25—1 P25-1 
oMy WEM Amplidynes 
=| 
: + oe /WLU-2 
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@ | | Russian Symbols | Latin Symbols | Name of Component | 


Buy=2 | 
Iba5—1 


PP-5 
BP=1 
6K4 
KT 
BHL3=1 
6H8C 
6113 
6119 


CWT AL. 
6X65 








se BBG at 





WLU—2 Valve Voltmeter 


ZG Discharge valve 
BP-1 | 


D1L3-1 Rectifying component 
6N8S af 

6P3 

6P9 

6H6S 
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